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ABBREVIATIONS 
 
AACC  American association of cereal chemists 
ALT  Alanine transaminase 
AUC/ABC Area under the curve / Area bajo la curva 
CHD/CVD  Coronary heart disease / Cardiovascular disease 
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IEC   Institutional human ethical committee 
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NMR/RMN  Nuclear magnetic resonance / Resonancia magnética nuclear 
ORAC Oxygen radical absorbance capacity  
ORS Oxygen radical species 
PPAR  Peroxisome proliferator-activated receptor 
RE Rosemary extract standardized to contain 20% carnosic acid 
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ABSTRACT 
The prevalence of metabolic disorders is rising worldwide. Botanicals, such as 
rosemary (Rosmarinus officinalis L.) and ash tree seeds (Fraxinus excelsior L.), may be an 
alternative to ameliorate these disorders. The objective of this doctoral thesis was to 
generate industrial extracts from the edible parts of these plants; identify their chief 
constituents by HPLC, HPLC-MS, and NMR; and determine their efficacy and safety. 
Three rosemary extracts were developed —standardized to 20% carnosic acid, 20% 
rosmarinic acid, and 40% ursolic acid. The ursolic acid-rich extract showed the lowest 
antioxidant capacity in ORAC and FRAP in vitro models, while the other two extracts had 
higher capacities. However, the carnosic acid-rich extract (RE) was better in inhibiting the 
oxidation of LDL ex vivo, and was the only one selected for further studies. An ash tree 
seed extract (FE) was developed according to its traditional use in Morocco, being 
identified salidroside and 9 secoiridoid glycosides, two of them were discovered for the 
first time: Excelside A and Excelside B. In i  vitro studies, RE and FE activated nuclear 
receptors that regulate glucose and energy homeostasis, nd acted on antiobesity and 
dyslipidemia mechanisms –RE activated PPARγ and inhibited pancreatic lipase, and FE 
stimulated PPARα and prevented preadipocyte differentiation. The capa ities of both 
extracts to counteract metabolic disorders were confirmed in C57BL/6J mice administrated 
with low-fat diet; high-fat diet; or high-fat diet plus 0.5% RE (HFD.RE) or 0.5% FE (FED) 
during 16-weeks. HFD.RE limited the increase of body and epididymal fat weight by 69% 
(P<0.01) and 79% (P<0.001), respectively. HFD.RE also reduced fasting glycaemia (72%, 
P<0.01) and plasma cholesterol levels (68%, P<0.001)  FED decreased blood glucose 
(76.52%, P<0.001), plasma insulin level (53.43%, P<0.05), and body weight gain (32.3%, 
P<0.05). Finally, a screening model against glucose (50g) was used to assess the effect of 
FE (1.0g) on plasma glucose and insulin levels in a RCT on 16 healthy volunteers. FE 
reduced the glycemic-AUC (P=0.02), but not the insuli emic-AUC. The two extracts were 
safe. Additional long-term interventions in humans re warranted. 
Keywords: Antioxidant; glycaemia; body weight; FRAP; Fraxinus excelsior L.; insulin; 
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RESUMEN  
La prevalencia de los trastornos metabólicos está creciendo a nivel mundial. Botánicos, 
como el romero (Rosmarinus officinalis L.) y las semillas de fresno (Fraxinus excelsior L.), 
pueden ser una alternativa para mejorar estos trastorno . El objetivo de esta tesis doctoral 
fue generar extractos industriales de las partes comestibles de estas plantas, identificar sus 
compuestos por HPLC, HPLC-MS y RMN, y determinar su eficacia y seguridad. Se 
desarrollaron tres extractos de romero - estandarizados al 20% de ácido carnósico, 20% de 
ácido rosmarínico, y 40% de ácido ursólico. El extracto rico en ácido ursólico mostró la 
menor capacidad antioxidante en modelos ORAC y FRAP in vitro, mientras que los otros 
dos extractos tuvieron capacidades más elevadas. Sin embargo, el extracto rico en  ácido 
carnósico (RE) fue superior en la inhibición de la oxidación de LDL ex vivo, y fue el único 
seleccionado para estudios posteriores. Se desarrolló un extracto de semilla de fresno (FE) 
de acuerdo a su uso tradicional en Marruecos, siendo identificados salidrosido y 9 
glucósidos secoiridoides, dos de ellos fueron descubiertos por primera vez: Excelside A y 
Excelside B. En estudios in vitro, RE y FE activaron receptores nucleares que regulan la 
homeostasis de la glucosa y la energía, y actuaron sobre mecanismos contra la obesidad y 
la dislipidemia - RE activa PPARγ e inhibe la lipasa pancreática, y FE estimula PPARα y 
evita la diferenciación de preadipocitos. La eficacia de ambos extractos para el control de 
trastornos metabólicos fue confirmada en ratones C57BL/6J administrados con una dieta 
baja en grasa, una dieta alta en grasa, o una dieta alta en grasa más 0.5% RE (HFD.RE) o 
0.5% FE (FED) durante 16 semanas. HFD.RE limitó el aumento del peso corporal y grasa 
en el epidídimo en un 69% (P<0.01) y 79% (P<0.001), respectivamente. HFD.RE también 
redujo la glucemia (72%, P<0.01) y los niveles de col sterol (68%, P<0.001). FED redujo 
la glucemia (76.52%, P<0.001), insulinemia (53.43%, P<0.05), y la ganancia de peso 
(32.3%, P <0.05). Por último, se utilizó un modelo de tolerancia a la glucosa (50g) para 
evaluar el efecto de FE (1.0g) en glucemia e insuliemia en una PCA con 16 voluntarios 
sanos. FE redujo la ABC-glucémica (P=0.02), pero no la ABC-insulinémica. Los dos 
extractos fueron seguros. Futuros estudios en humanos estarían garantizados. 
Palabras clave: Antioxidante; FRAP; Fraxinus excelsior L.; glucemia; insulina; lipasa 
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RESUM 
La prevalença dels trastorns metabòlics està creixent a nivell mundial. Botànics, com el 
romaní (Rosmarinus officinalis L.) i les llavors de freixe (Fraxinus excelsior L.), poden ser 
una alternativa per millorar aquests trastorns. L'objectiu d'aquesta tesi doctoral va ser 
generar extractes industrials de les parts comestibl  d'aquestes plantes, identificar els seus 
compostos per HPLC, HPLC-MS i RMN, i determinar la seva eficàcia i seguretat. Es van 
desenvolupar tres extractes de romaní - estandarditz ts al 20% d'àcid carns, 20% d'àcid 
rosmarínic, i 40% d'àcid ursolic. L'extracte ric en àcid ursolic va mostrar la menor capacitat 
antioxidant en models ORAC i FRAP in vitro, mentre que els altres dos extractes van tenir 
capacitats més elevades. No obstant això, l'extracte ic en àcid carns (RE) va ser superior en 
la inhibició de l'oxidació de LDL ex vivo, i va ser l'únic seleccionat per a estudis posteriors. 
Es va desenvolupar un extracte de llavor de freixe (FE) d'acord al seu ús tradicional al 
Marroc, sent identificats salidrosido i 9 glucòsids secoiridoids, dos d'ells van ser descoberts 
per primera vegada: Excelside A i Excelside B. En estudis in vitro, RE i FE activar 
receptors nuclears que regulen la homeòstasi de la glucosa i l'energia, i van actuar sobre 
mecanismes contra l'obesitat i la dislipidèmia -RE activa PPARγ i inhibeix la lipasa 
pancreàtica, i FE estimula PPARα i evita la diferenciació de preadipocitos. L'eficàcia 
d'ambdós extractes per al control de trastorns metabòlics va ser confirmada en ratolins 
C57BL/6J administrats amb una dieta baixa en greix, una dieta alta en greix, o una dieta 
alta en greix més 0.5% RE (HFD.RE) o 0.5% FE (FED) durant 16 setmanes. HFD.RE va 
limitar l'augment del pes corporal i greix al epidíd m en un 69% (P<0.01) i 79% (P<0.001), 
respectivament. HFD.RE també va reduir la glucèmia (72%, P<0.01) i els nivells de 
colesterol (68%, P<0.001). FED va reduir la glucèmia (76,52%, P<0.001), insulinèmia 
(53.43%, P<0.05), i el guany de pes (32.3%, P<0.05). Finalment, es va utilitzar un model 
de tolerància a la glucosa (50g) per avaluar l'efect  de FE (1.0g) en glucèmia i insulinèmia 
en una PCA amb 16 voluntaris sans. FE va reduir l'ABC-glucèmica (P=0.02), però no 
l'ABC-insulinémica. Els dos extractes van ser segurs. Futurs estudis en humans estarien 
garantits. 
Paraules clau: Antioxidant; FRAP; Fraxinus excelsior L.; glucèmia; insulina; lipasa 
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INTRODUCTION 
The prevalence of metabolic disorders is rising dramatically in industrialized and 
developing nations. Obesity is reaching epidemic propo tions worldwide (WHO, 2009) and 
is an established risk factor for various comorbidities, such as diabetes mellitus, 
dyslipidemia, and cardiovascular disease (Anderson and Konz, 2001;Czernichow et al., 
2002;Unwin et al., 2010). 
Due to dissatisfaction with high costs and potentially hazardous side effects of 
pharmaceutical drugs (de Simone G. and D'Addeo, 2008;Karamadoukis et al., 2009), the 
potential of using natural products to treat obesity and metabolic disorders is being 
examined (Yun, 2010). For example, the administration of plant-based treatments might be 
an excellent strategy to prevent obesity and diabetes (Ye, 2008). 
Botanical extracts, however, are not always well accepted due to issues over the 
identification and standardization of active compounds and quality control (Raskin and 
Ripoll, 2004); thus, botanical extracts that are intended to elicit health benefits must be 
produced and characterized properly. 
Metabolic disorders, including obesity and diabetes, are linked to an increased oxidative 
stress (Valko et al., 2007). This stress can be mitigated on administration of plant extracts 
that have antioxidant capacity (Seifried et al., 2007). Molecules can be targeted by plant-
based compounds to prevent the development of metabolic disorders, such as peroxisome 
proliferator-activated receptor-alpha (PPARα) and -gamma (PPARγ) (Shay and Banz, 
2005), which are transcription factors that regulate energy homeostasis (Staels and 
Fruchart, 2005).  PPARα regulates genes that mediate fatty acid uptake and oxidation, 
inflammation, and vascular function, and PPARγ governs genes that control fatty acid 
uptake and storage, inflammation and glucose homeostasis (Staels and Fruchart, 2005).  
One of the most promising strategies of reducing energy intake through gastrointestinal 
mechanisms without altering central physiological processes is the development and use of 
inhibitors of nutrient digestion and absorption (Birar  and Bhutani, 2007). Dietary fat is not 
absorbed directly by the intestine unless it has been acted on by pancreatic lipase. Thus, 
pancreatic lipase activity is one of the most widely studied mechanisms for which a natural 
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Alternatively, one can examine the inhibition of intestinal glucose uptake that is affected by 
secondary metabolites from plants (Welsch et al., 1989;Kottra and Daniel, 2007;Kwon et 
al., 2007). 
Of plant extracts that have antiobesity and antidiabetic properties, those from the edible 
parts of rosemary (Rosmarinus officinalis L.) and the seeds of the ash tree (Fraxinus 
excelsior L.) are among the most promising for use as nutraceuticals. 
Rosemary is an aromatic Mediterranean plant that is used in traditional meals and 
several industrial food applications (Etter, 2004). Recently, rosemary extracts that have 
been standardized for carnosic acid and carnosol have attained antioxidant status, garneging 
an E rating from the European Food Safety Authority, confirming its importance as a 
natural preservative in foods and beverages (Aguilar et al., 2008). Rosemary has many 
health benefits (al-Sereiti et al., 1999), and its effects on oxidative stress (Etter, 2004), 
inflammation (Takaki et al., 2008;Altinier et al., 2007); obesity (Takahashi et al., 
2009;Harach et al., 2009), and diabetes (Bakirel et a ., 2008;Rau et al., 2006) are central to 
the prevention of metabolic disorders.  
Several studies have demonstrated that the biological a tivities of rosemary are 
attributed to its carnosic acid, carnosol, rosmarinic acid, and ursolic acid content (Jang et 
al., 2010;Aruoma et al., 1992;Lo et al., 2002;Kosaka nd Yokoi, 2003;Ninomiya et al., 
2004;Perez-Fons et al., 2006;Wijeratne and Cuppett, 2007;Yu et al., 2009;Ibarra et al., 
2010). But, whether these activities are due to a single bioactive compound or the 
combination of several agents is unknown. 
The common ash is a tree that grows naturally in temperate regions across Europe and 
Asia (Pliûra and Heuertz, 2003;Eddouks et al., 2005) and exists throughout southeastern 
Morocco (Eddouks et al., 2002). Several reports have demonstrated that ash seeds have 
been used traditionally as food and as a condiment (Hedrick, 1919;Kunkel, 1984;Sinclair, 
1998;Vergne, 2001;Boisvert, 2003;Eddouks and Maghrani, 2004;Eddouks et al., 
2005;Maghrani et al., 2004) and administered to improve several health conditions (Parsa, 
1959;Eddouks and Maghrani, 2004). 
In Europe, there is evidence that these seeds have been used since the Middle Ages 
(Vermeeren and Gumbert, 2008). The aqueous seed extract of the ash tree is an effective 
hypoglycemic and antidiabetic agent, as evidenced by its use by traditional healers in 
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antidiabetic effects in normal and streptozotocin-induced diabetic rats (Eddouks and 
Maghrani, 2004;Maghrani et al., 2004). 
Therefore, this evidence encourages the study of rosemary and ash tree seed extracts to 
prevent the development of metabolic disorders. It is important to identify their active 
compounds, and to confirm their efficacy and safety in relevant biological models. The 
results derived from this research program could lead to the discovery of new natural 
agents to counteract the rise of obesity and associated comorbidities, with applications in 
food, food supplement, pharmaceutical and cosmetic industries. 
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OBJECTIVES 
General objectives 
The aim of this doctoral thesis was to generate specific extracts from the edible parts of 
rosemary and ash tree seeds, identify their active ompounds, and evaluate their effects in 
in vitro, in vivo and human models. Their chief compounds were identified and evaluated 
for their activities in vitro with regard to their antioxidant effects, activation of PPARα and 
PPARγ, and capacity to inhibit preadipocyte differentiation. The extracts were tested for 
their ability to control obesity and glycemia in animal models, and the ash tree seed extract 
was examined for its capacity to control glucose regulation in humans. 
 
Specific objectives 
• Screen antioxidant activities on three commercial extracts obtained from rosemary 
leaves standardized to contain, respectively, 20% carnosic acid, 40% ursolic acid, or 
20% rosmarinic acid. These extracts were evaluated for their total antioxidant effects 
on oxygen radical absorbance capacity (ORAC), ferric educing/antioxidant power 
(FRAP), and for their capacity to inhibit Cu2+-induced LDL oxidation ex vivo. 
• Determine the preventive effects of a rosemary extract (20% carnosic acid) on weight 
gain, glycaemia levels, and lipid homeostasis in mice, and study its effects on 
pancreatic lipase and PPARγ agonist activity in vitro. 
• Identify secoiridoid glycosides from Fraxinus excelsior L. seed extract, and determine 
their capacity to activate PPARα and inhibit the differentiation of pre-adipocytes into 
adipocytes in vitro. 
• Determine whether a Fraxinus excelsior L. seed extract limits weight gain and 
hyperglycemia in mice. 
• Asses the acute clinical efficacy and safety of Fraxinus excelsior L. seed extract on 
plasma glucose and insulin levels against glucose (50 g) induced postprandial glycemia 
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Abstract 
The overproduction of free radicals and oxygen reactive species is suspected to be 
implicated in a wide range of metabolic reactions that can have pernicious consequences in 
the development of a variety of human diseases. Botanical extracts are sources of 
antioxidants which counteract both free radicals and ORS. The processing conditions used 
in the botanical extraction may influence the antioxidant composition; therefore, different 
extracts from the same plant may have different antioxidant properties. To illustrate this 
fact, we conducted a study using three commercial rosemary (Rosmarinus officinalis L.) 
leaf extracts. The three extracts were standardized to respectively contain, 20% carnosic 
acid, 40% ursolic acid, or 20% rosmarinic acid. They were evaluated for their total 
(hydrophilic + lipophilic) antioxidant effects on oxygen radical absorbance capacity 
(ORAC), their ferric reducing/antioxidant power (FRAP), and their capacity to inhibit 
Cu2+-induced low-density lipoprotein (LDL) oxidation ex vivo. The ursolic acid extract 
showed the lowest antioxidant capacity on all models. The rosmarinic acid extract had an 
antioxidant capacity 1.5 times higher on ORAC and 4 times higher on FRAP than the 
carnosic acid extract. However, the carnosic acid extract was better than the rosmarinic acid 
extract in inhibiting the oxidation of LDL ex vivo. These results encourage conducting 
further studies to evaluate the carnosic acid and rosmarinic acid extracts in vivo. Our study 
offers an example of the importance of the extraction procedures, on which depends the 
nature of the antioxidant composition, and highlights interest to proceed with in vitro/ex 
vivo assay selection for the evaluation of the antioxidant properties of botanical extracts. 
Keywords: antioxidant capacity, carnosic acid, ferric reducing/antioxidant power, LDL 
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Introduction 
The overproduction of free radicals and reactive oxygen species in living organisms can 
damage cellular lipids, proteins, or DNA; this process contributes to loss of functionality, 
which has been described as being related to the dev lopment of a wide range of human 
diseases, including cancer, cardiovascular disease, atherosclerosis, hypertension, 
ischemia/reperfusion injury, diabetes mellitus, neurodegenerative diseases (Alzheimer’s 
disease and Parkinson’s disease), rheumatoid arthritis, and aging (Valko et al., 
2007;Fuhrman et al., 2000;Hsieh et al., 2007;Lee et al., 2007). It has been postulated that 
supplementation with phytochemicals such as polyphenols, including flavonoids, may offer 
some protection against these complications through their roles as free radical scavengers 
and antioxidant compounds, therefore reducing the negative effect of oxidative stress and 
free radicals (Seifried et al., 2007). 
Botanical extracts are well-recognized sources of antioxidant molecules. They are 
commonly used in functional foods and as dietary supplements, and contribute to the 
composition of several drugs (Raskin et al., 2002). However, botanical extracts are not 
always well accepted because of issues concerning active compound identification, 
standardization, and quality control (Raskin and Ripoll, 2004). In our study, we used 
rosemary extracts obtained through industrial processes. Various technologies are involved 
to produce botanical extracts at industrial levels; the most important include solvent 
extraction and column purification (D'Amelio FS, 1998). It is noteworthy that the physical-
chemical properties of the solvent, the extraction c ditions, and the nature of resins in 
columns influence the nature of the extracted molecules with consequences on the 
nutritional profile and, overall, on the physiological protective efficiency of the final extract 
(D'Amelio FS, 1998;Mahady et al., 2001). Therefore, different extracts from the same 
botanical origin may have different standardization rates and composition, providing 
different antioxidant properties (Mahady et al., 2001), which may lead to ambiguous 
efficacy data when studied in clinical trials (Raskin and Ripoll, 2004). Based on these 
considerations, it is of great interest to develop well-characterized extracts in order to 
achieve biochemical and functional consistency betwe n batches. 
Rosemary (Rosmarinus officinalis L.) is an aromatic Mediterranean plant used in 
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extracts standardized in carnosic acid and carnosol have received the antioxidant status, 
with an attributed E number, from the European Food Safety Authority (Aguilar et al., 
2008), confirming the importance of this ingredient as a natural preservative in foods and 
beverages. Moreover, rosemary may also contribute to r duce the oxidation of low-density 
lipoprotein (LDL) because of its elevated antioxidant capacity (Pitsavos et al., 2005). The 
properties of rosemary´s active compounds are well documented, but information regarding 
the preventive antioxidant potential of standardize rosemary extracts is still scarce and 
should be investigated with more attention. Each of the extracts we studied for the present 
article was standardized on one of rosemary’s main active compounds: carnosic acid, a 
diterpene phenolic acid (Figure I-1A); ursolic acid, a pentacyclic triterpene acid (Figure I-
1B); and rosmarinic acid, a caffeic acid dimer (Figure I-1C) (del Bano et al., 2003). 
 
Figure I-1.  Chemical structures of the main compounds present in the R. officinalis L. leaf extracts: (A) 
carnosic acid, (B) ursolic acid, or (C) rosmarinic acid. 
 
In this pursuit, we conducted a screening of antioxidant activities on three commercial 
extracts obtained from rosemary leaves standardized to contain, respectively, 20% carnosic 
acid, 40% ursolic acid, or 20% rosmarinic acid. These xtracts were evaluated for their 
total antioxidant effects on oxygen radical absorbance capacity (ORAC) with a special 
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reducing/antioxidant power (FRAP), and for their capacity to inhibit Cu2+-induced LDL 
oxidation in an ex vivo assay. These models will allow us to select and classify the extracts 
according to their antioxidant properties, which may have different effects in further 
applications (Aguilar et al., 2008), with specific attention to the prevention of health-
deleterious effects of a much too high oxidative str ss (Valko et al., 2007). 
 
Materials and Methods 
1. Rosemary extracts 
Rosemary leaves were collected from the Atlas Mountains in Morocco and 
authenticated using macroscopic, microscopic, and high-performance thin-layer 
chromatography techniques (Reich and Schibli, 2007). Figure I-2 shows the industrial 
process involved to obtain the three rosemary extracts (Naturex, Avignon, France). The 
rosemary extract standardized to contain 20% carnosic acid was prepared according to the 
U.S. patent 5,859,293 (Baley et al., 1997): this extract, in powdered form after drying, 
contains 45% of maltodextrin as a carrier and has an extraction ratio of 10:1 (rosemary 
leaves: powdered extract). The rosemary extract standardized to contain 40% ursolic acid is 
obtained by extraction with acetone for 2 hours, followed by precipitation at 5°C for 8 
hours. The ursolic acid extract, in powdered form after drying, contains 7.5% of 
maltodextrine as a carrier and has an extraction ratio of 8:1 (rosemary leaves: powdered 
extract). The rosemary extract standardized to contain 20% rosmarinic acid is obtained by 
water extraction at 65°C for 2 hours, followed by purification on a styrene-divinyl-benzene 
XAD-16 resin (Rohm and Haas, Philadelphia, PA, USA) packed in an industrial column. 
The rosmarinic acid extract, in powdered form after drying, contains 8.9% of maltodextrine 
as a carrier and has an extraction ratio of 25:1 (rosemary leaves: powdered extract). 
 
2. Chromatographic analyses 
High-performance liquid chromatography methods were d veloped for the 
quantification of carnosic acid, ursolic acid, and rosmarinic acid in the rosemary extracts. 
The high-performance liquid chromatography system used was an Agilent Technologies 
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To evaluate the carnosic acid concentration, the standard (catalog number 03198, 
ChromaDex, Santa Ana, CA, USA) and the carnosic acid extract sample were diluted in 
methanol with 0.5% acetonitrile. The stationary phase was a Zorbax SBC18 column (250 x 
4.6 mm i.d, particle size 5 µm; Agilent Technologies) thermostatted at 25°C. The flow rate 
was 1.5 mL/minute, and the elution was monitored at 230 nm. The mobile phases were (A) 
acetonitrile and (B) water with 0.5% H3PO4. Elution started with 65% A and 35% B under 





















Figure I-2.  Extraction scheme of the three R. officinalis L. leaf extracts standardized to contain 20% 
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Figure I-3.  High-performance liquid chromatogram profile of the three R. officinalis L. leaf extracts: (A) 
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To evaluate the ursolic acid concentration, the standard (catalog number 0037S, 
Extrasynthese, Genay, France) and the ursolic acid sample were diluted in acetone. The 
stationary phase was a Luna C18 column (150 x 4.0 mm i.d; particle size 3 µm; 
Phenomenex, Utrecht, The Netherlands) thermostatted a  30°C. The flow rate was 0.6 
mL/minute, and the elution was monitored at 210 nm. The mobile phases were (A) 
acetonitrile and (B) water with 0.1% H3PO4. Elution started with 90% A and 10% B under 
isocratic conditions. The retention time of ursolic acid was 8.7 minutes (Figure I-3B).  
To evaluate the rosmarinic acid concentration, standard (catalog number 4957S; 
Extrasynthese) and rosmarinic acid sample were dilute  in methanol/water (50:50, vol/vol). 
The stationary phase was a Zorbax SBC18 column (250 x 4.6 mm i.d.; particle size 5 µm; 
Agilent Technologies) thermostatted at 20°C. The flow rate was 1 mL/minute, and the 
elution was monitored at 328 nm. The mobile phases w re (A) acetonitrile and (B) water 
with 0.1% trifluoroacetic acid. Elution started with 32% A and 68% B under isocratic 
conditions. The retention time of rosmarinic acid was 4.6 minutes (Figure I-3C). 
 
3. ORAC assay 
The ORAC value provides a measure of the scavenging capacity of antioxidants against 
the peroxyl radical, which is one of the most common reactive oxygen species produced 
during the body metabolism. The ORAC values of each sample were determined according 
to an adaptation of methods previously described (Cao et al., 1993;Huang et al., 2002b;Ou 
et al., 2001), based on a fluorimetric detection. Aalyses were conducted at Brunswick 
Laboratories (Norton, MA, USA) according to a patented method (Ou et al., 2006). The 
lipophilic ORAC assay (ORAClipo) was based  on a previous reported method (Huang et al., 
2002a), and the hydrophilic ORAC assay (ORAChydro) was based on a different reported  
method (Ou et al., 2002). The ORAChydro assay reflects the water-soluble antioxidant 
capacity, and the ORAClipo assay reflects the lipid-soluble antioxidant capacity; the 
ORACtotal is the sum of ORAChydro and ORAClipo. All data were expressed as µmol of 6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox, Sigma Chemical Co., St. 
Louis, MO, USA) equivalents (TE)/g of dry sample (µmol TE/g). For each analysis, a 20-
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4. FRAP assay 
The FRAP values of samples were determined according to the method previously 
described (Pulido et al., 2000). Two types of calibration curves were made: one with 
aqueous solutions of known Fe2+ concentration, in the range of 100-1,000 µmol/L, and 
another with solutions of known Trolox concentration, in the range of 100-750 µmol/L. 
Extracts were measured in triplicate at three different concentrations after appropriate 
dilution. In the FRAP assay, reductants in the sample (i.e. antioxidants) reduce the 
Fe3+/tripyridyltriazine complex, present in stoichiometric excess, to the blue-colored 
ferrous form, with an increase in absorbance at 593 nm; the variation of absorbance (∆A) is 
proportional to the combined FRAP of the sample. Results are expressed as µmol of TE/ g 
of 30-µL triplicate sample extracts and as mmol Fe2+/ g of triplicate sample extracts. 
 
5. Cu2+-induced LDL oxidation assay 
Blood from a 33-years-old healthy normolipemic female donor was obtained by 
venipuncture and collected in EDTA-containing Vacutainer blood collection set (BD, 
Franklin Lakes, NJ, USA) at the local blood bank (Etablissement Français du Sang, Lille, 
France). LDL was prepared from the plasma by two density gradient ultracentrifugation 
within a density cutoff range of 1.019-1.063 g/mL. Prior to oxidation, LDL was diluted in 
phosphate-buffered saline and dialyzed against phosphate-buffered saline at 4°C. The 
protein content was determined and adjusted to obtain 0.125 mg of protein/mL. Next, the 
oxidation was induced at 30°C by adding 20 µL of CuSO4 (1.66 µmol) with the addition of 
0 µg/mL (control condition), 5 µg/mL, 25 µg/mL, and 100 µg/mL rosemary extracts 
(respectively, 20% carnosic acid, 40% ursolic acid, or 20% rosmarinic acid), or 2.5 µg/mL 
and 25 µg/mL of Trolox as the positive control. The amounts of conjugated dienes were 
measured by determining the increased absorbance at 234 nm at 10minute intervals for a 
course span of 720 min using an Ultra Spectrophotome er (Ultra 384, Tecan Group Ltd., 
Grödig, Austria). Results were expressed as the relativ  absorbance at 234 nm. The lag 
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6. Statistical analysis 
Excepted for ORAC assay, all tests were carried out in triplicate, and the results were 
presented as means ± SD values. Significant differences were calculated according to 
Student’s t test (XLSTAT 2008, Addinsoft™, New York, NY, USA), and the statistical 
significance was set at P<.05. 
 
Results 
1. Antioxidant capacity 
Antioxidant capacities were measured using ORAC and FRAP assays. Results for the 
three rosemary extracts are presented in Table I-1. The rosemary extract standardized to 
contain 20% rosmarinic acid showed the highest antioxidant capacity in both ORAC and 
FRAP assays, with the ORAChydro explaining more than 97% of its total antioxidant 
capacity according to ORAC assay, evidencing the high polarity of the rosmarinic fraction. 
On the other hand, the rosemary extract standardized to contain 20% carnosic acid showed 
a strong antioxidant capacity in both ORAC and FRAP tests; however, its total antioxidant 
capacity is only 36% by the ORAChydro assay and is 64% by the ORAClipo assays, which is 
not surprising because carnosic acid is a terpene compound with more hydrophobic 
properties. Finally, the rosemary extract standardized to contain 40% ursolic acid showed, 
by far, the lowest antioxidant capacity. 
 
Table I-1.  Oxygen radical absorbance capacity and ferric reducing/antioxidant power values for 




(µmol of  
TE/ g)* 
ORAClipo 
(µmol of  
TE/ g)* 
ORACtotal 
(µmol of  
TE/ g)* 
FRAP 





20% Carnosic acid 2,345 4,144 6,489 699 ± 26b 1.28 ± 0.002b 
40% Ursolic acid 163 141 304 81 ± 3a 0.15 ± 0.0003a 
20% Rosmarinic acid 9,880 238 10,118 2,957 ± 107c 5.30 ± 0.01c 
      
*Data are obtained from one sample with acceptable precision of the ORAC assay being 15% relative SD (Huang et 
al., 2002b;Ou et al., 2001;Ou et al., 2006).  
abcFor FRAP results in the same column, values with different letters are significantly (P<.05) different compared with 
the blank control alone (t test). FRAP, ferric reducing/antioxidant power: ORAC, oxygen radical absorbance capacity, 
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The rosmarinic fraction has an antioxidant capacity 1.5 times higher than the carnosic 
acid according to ORACtotal, and is four times stronger according to FRAP. However, the 
carnosic acid fraction demonstrates a very good hydrophilic/lipophilic balanced antioxidant 
power, whereas the rosmarinic acid does not. 
 
2. Cu2+-induced LDL oxidation inhibitory capacity 
The incubation of isolated human LDL with CuSO4 resulted in the oxidation of 
polyunsaturated fatty acids, as monitored by the generation of conjugated dienes after a 
variable period of inhibition called lag phase (Figure I-4) (Perugini et al., 1997). The 
inhibitory activities of the three rosemary extracts on LDL oxidation mediated by Cu2+ 
have been evaluated with comparison to a blank control and to the Trolox positive control 
(Table I-2). The three extracts showed different antioxidant behaviors on this assay. 
The extract standardized on rosmarinic acid provided a pro-oxidant activity at the 
lowest concentration (5 µg/mL), with an increase of 40.1% (P<0.001) of the oxidation rate 
and a strong shortening of the lag phase (-52.8 minutes) compared to the blank control; 
nevertheless, an inversion of the tendency with a strong antioxidant activity started from 25 
µg/mL, providing a complete inhibition of LDL oxidation in a manner similar to that of  
Trolox at 25 µg/mL. With more efficiency, the extract standardize on carnosic acid was 
able to decrease the oxidation rate by 27.3% (P<.001) and to prolong the lag phase (+24.1 
minutes) from the lowest concentration tested (5 µg/mL) and to totally inhibit LDL 
oxidation from 25 µg/mL, in a manner similar to that of Trolox at 25 µg/mL. For the last 
rosemary extract, which was standardized to contain 40% ursolic acid, results appeared to 
be less active than the two other rosemary extracts but permitted a decrease in the oxidation 
rate with a dose-effect response (up to 41.1% for the highest dose 100 µg/mL) correlated to 
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Figure I-4. Curve for Cu2+-induced oxidation of LDL with different concentrations (, 0 µg/mL; , 5 
µg/mL; , 25 µg/mL; , 100 µg/mL) of R. officinalis L. leaf extracts standardized to contain (A) 20% 
carnosic acid, (B) 40% ursolic acid, or (C) 20% rosmarinic acid. Trolox (, 2.5 µg/mL; , 25 µg/mL) 





  32 
Table I-2. Overall results for inhibition of low-density lipoprotein Cu2+-induced oxidation by rosemary (R. 
officinalis L.) extracts. 
 
 
Rosemary extracts  






Maximum quantity of 
dienes  
(nmol/mg of LDL) 
20% Carnosic acid 
5 µg/ml 112.3 ± 7.4 1.27 ± 0.04 c 370.0 ± 3.8 
25 µg/ml NC NC NC 
100 µg/ml NC NC NC 
40% Ursolic acid 
5 µg/ml 91.7 ± 1.7 1.4 ± 0.2 c 361.7 ± 22.0 
25 µg/ml 102.3 ± 7.35 1.2 ± 0.24 a 379.8 ± 8.1 a 
100 µg/ml 109.5 ± 16.05 0.97 ± 0.09 c 369.1 ± 21.2 
 20% Rosmarinic 
acid 
5 µg/ml 35.4 ± 2.14b 2.14 ± 0.07 c 376.1 ± 3.9 c 
25 µg/ml NC NC NC 
100 µg/ml NC NC NC 
Control: Trolox 
2.5 µg/ml 130.9 ± 3.8 a 1.32 ± 0.07 364.0 ± 3.7 
25 µg/ml NC NC NC 
Cu2+ alone  88.2± 2.3 1.65± 0.02 360.3 ± 4.4 
aP<.05; bP<.01; cP<.001 versus Cu2+-induced oxidation of LDL alone (t test).  
LDL, low-density lipoprotein; NC, not calculated because the samples totally inhibit the LDL from oxidation. 
 
Discusion  
Rosemary is a key ingredient in the Mediterranean diet (Pitsavos et al., 2005). During 
the last few years, the production of rosemary extracts has been increased considerably 
because of their use in the food, beverage, flavor, nutraceutical, and cosmetic industries. 
Consequently, the technology to develop standardized extracts from rosemary has 
experienced a quick evolution in terms of quality and reproducibility. 
The two rosemary extracts standardized on carnosic and rosmarinic acids are primarily 
used as preservatives in foods and beverages and as stability enhancers for natural 
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(Etter, 2004). On the other hand, the ursolic acid fraction is mainly used in the cosmetic 
industry because of its topical anti-inflammatory capacity (Altinier et al., 2007). Across the 
board, the antioxidant effects of rosemary’s active compounds have been extensively 
reported in literature (del Bano et al., 2003;Wijeratne and Cuppett, 2007); however, there 
are still few reports on commercial extracts obtained through industrial processes and that 
are available to the consumers. 
Several techniques have been developed in order to determine the antioxidant power of 
food products, vegetable extracts, and pure molecules (Huang et al., 2005;Cao et al., 1993). 
The methods chosen for our study are based on the two major mechanisms that intervene in 
the stabilization of pro-oxidant species by antioxidants: the first mechanism (ORAC) is 
based on hydrogen transfer from the antioxidant to the oxidant and reflects the capacity to 
inhibit oxidation at the early step of initiation and/or propagation; the second (FRAP) is 
based on electron transfer from the antioxidant to he oxidant and reflects capacity to 
reduce the oxidant (Cao et al., 1993;Huang et al., 2002b;Pulido et al., 2000;Huang et al., 
2005;Benzie and Strain, 1996;Prior and Cao, 1999). Consequently, ORAC and FRAP 
results give different, and not comparable, values of antioxidant capacities of the three 
extracts, with, however, the classification of the antioxidant capacity being always the 
same: 20% rosmarinic acid >20% carnosic acid >40% ursolic acid.  
When compared with ORAC values of different food or spice products, both rosemary 
extracts, titrated in carnosic and rosmarinic acids, which are, respectively, 6,489 and 10,118 
µmol of TE/g appeared to provide a very high antioxidative protection value. Indeed, as an 
example, a berry juice serving, which is well known for its contribution to antioxidant 
protection in the five fruits and vegetables a day iet (Huntley, 2009) and that provides 
from blueberry, bilberry, and grape 4,750, 6,932 and 6,290 µmol of TE, gives the same 
range of protection as the carnosic extract and 30-50% below the rosmarinic extract. In 
2007, scientists in collaboration with the U.S. Department of Agriculture published an 
updated list of ORAC values for 277 foods commonly consumed by the U.S. population 
(USDA, 2007). The best results, apart from fruits and vegetables, were obtained for spices; 
among them, the highest ORAC values were obtained from ground cinnamon tissue, 
providing 2,675 µmol of TE/g (100% as hydrophilic total ORAC value), and from cloves 
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The FRAP values obtained with both rosmarinic and carnosic extracts in our study 
showed higher results than those obtained for an artichoke extract titrated in 5% total 
phenolic acids with 343 µmol of TE/g (Jimenez-Escrig et al., 2003). In general, the FRAP 
values of vegetables are much lower compared to the values obtained in our study; this is 
confirmed by results from a screening of 927 freeze-dri d vegetable samples (Ou et al., 
2002). The authors reported a range of FRAP values for vegetables between 4 µmol of 
TE/g for peas and 261 µmol of TE/g for red peppers.  
During our in vitro antioxidant studies, it appeared that results obtained from ORAC 
and FRAP methods were not completely comparable becaus  the physical-chemical 
principle of each antioxidant assay varied. It has been postulated that the ORAC method 
was found to be more useful as an estimate of “total antioxidant activity” as it is more 
ubiquitous and can monitor different kinds of activity (both slow- and fast-acting 
antioxidants) during a scavenging and/or an inhibiting oxidative process, with only few 
exceptions (Price et al., 2007); moreover, the ORAC method is able to give an opportunity 
to evaluate both hydrophilic and lipophilic values, which seems to better correspond to 
biological conditions because plasma circulation and cell cytosols are rather hydrophilic 
and cell and lipoprotein membranes are rather lipophilic. On the other hand, FRAP is 
designed to offer a putative index of reductive potential of biological fluids (Benzie and 
Strain, 1996) and consequently bring complementary evaluation to the ORAC method for 
the assessment of botanical extracts in the control of xidative stress. 
However, because the relationship between ORAC or FRAP values and the health 
benefit has not yet been established, evaluation of rosemary extract efficiency in rather 
more biological conditions, such as ex vivo LDL oxidation assay, appeared to be able to 
improve analyzing capacities, with a high-throughput screening methodology for the 
evaluation of botanical protective efficiency in biological-like conditions. 
During our study, we observed that the extract standardized to contain 20% carnosic 
acid showed a stronger inhibition activity against oxidation of LDL induced by Cu2+ than 
the rosemary extract standardized to contain 20% rosmarinic acid. As proposed, according 
to previous results obtained with ORAC and FRAP assay , the rosemary extract 
standardized to contain 40% ursolic acid had only a weak protective effect against the 
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Our results corroborate previous reports that have shown that rosemary bioactive 
compounds, extracted with water or with acetone (respectively, rosmarinic and carnosic 
acids), had similar effects reported on LDL oxidation models (Fuhrman et al., 2000;Hsieh 
et al., 2007). Even if ursolic acid from olives has been reported for its capacity to inhibit the 
oxidation of LDL (Andrikopoulos et al., 2002), we, however, did not observe a similar 
effect using our rosemary extract standardized to contain 40% ursolic acid for the tested 
concentrations. 
To explain the better results observed with the carnosic acid extract, showing a longer 
lag phase than with rosmarinic acid at the same concentration (5 µg/mL) and providing 
consequently better protection for LDL, it could be assumed that during the lag phase of 
Cu2+-induced LDL oxidation, the lipid-soluble antioxidants (carnosic acid) are 
preferentially consumed, and the length of the lag phase is assumed to be proportional to 
the antioxidant content of the LDL particle (Esterbauer et al., 1992). In contrast, it is also 
noteworthy that the extract containing 20% rosmarinic acid and tested at 5 µg/mL, showed 
a pro-oxidant activity on LDL oxidation. In a previous study, rosmarinic acid was shown to 
have a strong activity to reduce transition metals that can form reactive oxygen species and 
participate in LDL oxidation, especially when lipopr teins previously contain traces of 
lipid hydroperoxides (Murakami et al., 2007;Briante et al., 2004); consequently, the 
presence of polyphenol at a concentration much lower than that of Cu2+ would contribute to 
the accumulation of hydroperoxides in LDL, induced by copper under its reduced form 
(Cu+), and this would not be balanced by an antiperoxidant capacity that would be in 
insufficient amount. A similar property has been reported for oleuropein, a secoiridoid 
phenolic compound of olive (Briante et al., 2004). The authors suggested that the pro-
oxidant mechanism would be due to polyphenol copper-reducing activity in presence of 
oleuropein; indeed, the reduced metal (Cu+) could simultaneously catalyze the production 
of OH° hydroxyl radicals by the Fenton reaction and contribute to lipid radical formation 
by the decomposition of preformed lipid hydroperoxides in lipoproteins. 
The global lower efficiency of the rosmarinic extract observed compared with the 
carnosic extract would also be due to its water solubility, which often decreases the activity 
of antioxidants because hydrogen-bonded complexes formed with water are ineffective in 
scavenging lipid radicals by hydrogen donation; it seems to play a crucial role for 
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which is rather hydrophilic, is able to show a strong total protective effect rising from 25 
µg/mL, which seems to confirm that mechanism of protection would rather be a reducing 
and chelating activity of the transition ion Cu2+ in the aqueous medium than an antioxidant 
protection inside the lipoproteins. According to the polar paradox (Porter, 1993), less polar 
antioxidants are effective in emulsions because they are concentrated at oil–water 
interfaces, whereas more polar antioxidants are less effective in emulsions because they are 
mainly present in the aqueous phase. 
In conclusion, our results show that, depending on the extraction procedure used from 
the same botanical source, the antioxidant properties of the final extracts can be totally 
different. Indeed, in our study, the ursolic acid extract presented a very low antioxidant 
capacity, and, based on the ORAC and FRAP assays, the rosmarinic acid extract had more 
antioxidant power than the carnosic acid extract, with both being more antioxidant, by far, 
than the ursolic acid extract. However, in the LDL oxidation ex vivo assay, the carnosic 
acid extract presented better results compared to the rosmarinic acid extract, suggesting that 
the antioxidant effect could be different in biological conditions for this specific ex vivo 
model than in vitro; indeed, because the carnosic acid extract showed goo antioxidant 
properties in both hydrophilic and lipophilic ORAC assays whereas the rosmarinic acid 
extract only showed good antioxidant activity in the ydrophilic ORAC assay and because 
LDL oxidation is the product of a hydrophilic/lipophilic interface oxidative reaction, it 
appeared to be normal that the carnosic rosemary ext act provided more efficient results in 
the ex vivo assay. These results encourage us to conduct further studies in order to evaluate 
the intestinal absorption, the body metabolism, andthe antioxidant effects of the carnosic 
and rosmarinic acids extracts in animals and humans trial . Following these bioavailability 
studies, both extracts could appear to be promising candidates for protecting an organism 
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Abstract 
Rosemary (Rosmarinus officinalis L.) extracts are natural antioxidants that are used in 
food, food supplements, and cosmetic applications; exert anti-inflammatory and anti-
hyperglycaemic effects; and promote weight loss, which can be exploited to develop new 
preventive strategies against metabolic disorders. Therefore, our aim was to evaluate the 
preventive effects of rosemary leaf extract that was st ndardized to 20% carnosic acid (RE) 
on weight gain, glucose levels, and lipid homeostasi  in mice that had begun a high-fat diet 
as juveniles. Animals were given a low-fat diet, a high-fat diet, or a high-fat diet that was 
supplemented with 500 mg of rosemary extract per kg body weight per day (mpk). 
Physiological and biochemical parameters were monitored for 16 weeks. Body and 
epididymal fat weight in animals on the high-fat diet that was supplemented with rosemary 
extract increased 69% and 79% less than those in the high-fat diet group. Treatment with 
rosemary extract was associated with increased faecal fat excretion but not with decreased 
food intake. The extract also reduced fasting glycaemi  and plasma cholesterol levels. In 
addition, we evaluated the inhibitory effects of RE in vitro on pancreatic lipase and 
peroxisome proliferator-activated receptor gamma (PPARγ) agonist activity; the in vitro 
findings correlated with our observations in the animal experiments. Thus, our results 
suggest that rosemary extract that is rich in carnosic acid can be used as a preventive 
treatment against metabolic disorders, which merits further examination at physiological 
doses in randomized controlled trials. 
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Introduction 
The prevalence of metabolic disorders, such as obesity, hyperlipidaemia, and 
hyperglycaemia, is rising dramatically in developing and industrialized nations. Obesity is 
reaching epidemic proportions worldwide (Baena Diez et al., 2005) and is an established 
risk factor for various comorbidities, such as type 2 diabetes mellitus (T2DM) and 
cardiovascular disease (Anderson and Konz, 2001;Czernichow et al., 2002;Unwin et al., 
2010). The development of obesity induces systemic ox dative stress (Furukawa et al., 
2004) and effects an inflammatory state (Gregor andHotamisligil, 2010). The constant 
increase in fat intake that is linked with sedentary lifestyles is a chief cause of this 
phenomenon (Anderson and Konz, 2001). 
Developing preventive and therapeutic solutions that impede the rise in metabolic 
disorders has become a primary goal in the past decade. In addition to pharmaceutical 
approaches, the use of natural products at physiological doses has been recognized as an 
effective regimen to improve several health conditions (Jouad et al., 2001;Raskin et al., 
2002;Balunas and Kinghorn, 2005). Plant-based treatm n s have been validated as 
strategies in the prevention of obesity and T2DM (Ye, 2008). 
Rosemary (Rosmarinus officinalis L.) extracts are natural antioxidants that are used in 
food, food supplements, and cosmetic applications (Panda H., 2009;Etter, 2004;Aguilar et 
al., 2008;al-Sereiti et al., 1999;Ibarra et al., 2010). Recently, rosemary extracts that have 
been standardized for carnosic acid and carnosol attained antioxidant status, garnering an 
additive E classification from the European Food Safety Authority (EFSA), confirming its 
importance as a natural preservative in foods and beverages (Aguilar et al., 2008). 
Carnosic acid-rich rosemary extract has been reportd to have antioxidant activity in 
vitro by oxygen radical absorbance capacity (ORAC) and ferric reducing/antioxidant power 
(FRAP) assays and inhibits the oxidation of Cu2+-induced low-density lipoprotein (LDL) ex 
vivo (Ibarra et al., 2010). These antioxidant effects have been recapitulated in vivo. 
Consequently, carnosic acid-rich rosemary extract reduces oxidative stress in aged rats 
(Posadas et al., 2009). Carnosic acid, has anti-inflammatory effects in cellular (Yu et al., 
2009) and animal (Mengoni et al., 2010) models. Further, carnosic acid has promising anti-
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In in vitro trials, carnosic acid inhibits pancreatic lipase (Ninomiya et al., 2004), 
activates peroxisome proliferators-activated receptor gamma (PPARγ) (Rau et al., 2006), 
and prevents the differentiation of mouse pre-adipocytes into adipocytes (Takahashi et al., 
2009) —all of which are important mechanisms in glucose and lipid homeostasis. The 
capacity of rosemary to regulate weight gain (Harach et al., 2010;Wang et al., 2011) and 
glycaemia (Erenmemisoglu et al., 1997;Harach et al., 2010;Wang et al., 2011) has been 
observed in vivo. Nevertheless, no randomized clinical trials have been reported using 
rosemary extracts to control obesity and hyperglycaemi , but this evidence encourages 
further study of carnosic acid-rich rosemary extracts to prevent the development of 
metabolic disorders. 
In this study, we aimed to determine the preventive eff cts of a rosemary extract that 
was standardized to contain 20% carnosic acid (RE) on weight gain, glycaemia levels, and 
lipid homeostasis in mice that were started on a high-fat diet as juveniles. Animals were 
given a low-fat diet (LFD), a high-fat diet (HFD), or a high-fat diet with 500 mg RE per kg 
body weight per day (mpk) (HFD.RE). Physiological and biochemical parameters were 
measured throughout the 16 weeks of treatment, and the effects on pancreatic lipase and 
PPARγ agonist activity in vitro were examined. 
 
Experimental Methods 
1. Rosemary leaf extract 
RE was prepared as described by Ibarra et l. (2010). 
 
 2. Animals and diet  
Male C57BL/6J mice, aged 4 weeks, were purchased from Elevage Janvier (CERJ, Le 
Genest saint Isle, France). All mice were housed 4 to a cage on a 12-hour light/12-hour 
dark cycle in a temperature-controlled environment during a 2-week acclimatization, with 
ad libitum access to water and lean, control standard diet —a calorically balanced diet. 
After acclimatization, mice were randomized by body weight into 3 groups of 8 animals. 
Each group was fed an experimental diet (Research Diets Inc., USA) for 16 weeks, as 
described in Table II-1 (LFD, HFD, and HFD.RE). Body weight was measured twice per 
week, and food intake was recorded once per week. All procedures were performed per 
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3. Blood biochemistry 
Blood was collected from the retro-orbital sinus in EDTA-coated tubes under isoflurane 
anaesthesia after overnight fasting. Samples were coll cted at the beginning of the study 
(Day 0) and after 16 weeks on the experimental diets. Blood samples were centrifuged at 
4000 rpm for 15 minutes at 4°C to recover the plasma. 
Biochemical levels were measured using commercial kits. Total cholesterol, 
triglycerides, and glucose (kits CH3810, TR3823, and GL3815; Randox Laboratories Ltd., 
United Kingdom) and free fatty acids (kit 434-91717; Wako Pure Chemical Industries Ltd, 
Osaka, Japan) were measured by spectroscopy. Insulin (kit INSKR020; Crystal Chem Inc, 
Downers Grove, USA) was measured by ELISA. 
 
4. Faecal lipid measurements 
Faeces were collected at weeks 0, 8, and 16; frozen at -80°C; and pulverized. For each 
condition, faeces from 8 mice, harvested during a 24-hour period, was pooled. Total lipids 
were extracted from 100 mg of dried faeces as described (Folch et al., 1957). Total lipid 
levels from several independent extractions were estimated by traditional gravimetric 
analysis: 500 µl of total lipids in chloroform was dried by evaporation and weighed. 
The amount of faecal fat energy that was excreted, expressed in kcal/animal/day, was 
calculated in the lyophilized total fat that was excreted and collected throughout the 
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5. Pancreatic lipase activity assay  
Human pancreatic lipase was purchased from Lee Biosolutions Inc. (St. Louis, MO, 
USA). Orlistat (tetrahydrolipstatin, a pancreatic lipase inhibitor) was purchased from Sigma 
Chemical Co. (St. Louis, MO, USA). Other chemicals were reagent-grade. The pancreatic 
lipase was diluted in DMSO to obtain a final activity of 0.1 U/µl. Orlistat was tested at 2 
concentrations in DMSO. 
Lipase activity was measured using the ENZYLINETM Lipase Colour Assay kit 
(Biomérieux, France) according to the manufacturer’s instructions. Briefly, pancreatic 
lipase, substrate, and the test sample were mixed gently and incubated for 5 minutes at 
37°C. Activator reagent was added, and the mixtures w re incubated again for 6 minutes at 
37°C. The recorded rate of increase in absorbance at 550 nm, due to the formation of 
quinone diimine dye, reflected pancreatic lipase activity. 
 
6. PPARγ assay 
PPARγ activation was measured in a cell-based luciferase as ay. COS-7 cells, cultured 
in DMEM that was supplemented with 10% FCS, were transiently transfected with a fusion 
protein GAL4/PPARγ, and a DNA construct that harbored the gene reportr. The plasmid 
pGal5-TK-pGL3 was obtained by inserting 5 copies of the Gal4 (a yeast transcription 
factor) DNA-binding site upstream of the thymidine kinase promoter in pTK-pGL3. 
The plasmid pGal4-hPPARγ was constructed by PCR-amplifying the hPPARγ DEF 
domain (aa 318-505). The resulting amplicons were cloned into pBD-Gal4 (Stratagene, La 
Jolla, USA), and the chimera was subsequently subcloned into pCDNA3. 
After transfection, the COS-7 cells were incubated for 24 hours with RE to assess its 
capacity to activate PPARγ. DMSO was used as the reference control, and rosiglitazone 
was used as a positive control. The activation of PPARγ by RE induced the expression of 
luciferase and a consequent increase in luminescence. 
After 24 hours, the cells were collected, and luciferase assay was performed per the 
manufacturer's instructions (SteadyGlow, Promega). Luminescence was measured on a 
Tecan Ultra spectrophotometer (Tecan, Austria). All experiments were performed in 
quadruplicate. Relative luciferase activity of a sample was calculated as the ratio of mean 
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activity was expressed as the ratio of relative luciferase activity to that of the reference 
control. 
 
7. Analysis of results 
The animals were randomized based on total body weight by principal component 
analysis (PCA) (GENFIT, France), resulting in groups of animals between which no 
statistical difference was observed for any parameter.  
The data from the in vivo and in vitro studies were expressed as mean ± standard 
deviation (x ± SD). One-way analysis of variance (ANOVA one-way Bonferroni) and 
student t-test were performed to compare groups using Sigma Plot 11.0 (2008) (Systat 
Software, Inc.). Statistical significance was considered at p<0.05.  
In the in vivo study, gains in the HFD.RE group were expressed as a percentage 
compared with the HFD and LFD control groups, calcul ted as: 
Parameter (%) =  [(HFD – HFD.RE)/(HFD – LFD)] x 100 
In the in vitro studies, changes were expressed relative to their respective controls. 
 
Results 
1. Effect of rosemary extract on body and organ wei ght and food intake in 
mice fed a high-fat diet 
Body weight between the HFD and LFD groups began to differ significantly after the 
first week of treatment. In HFD.RE animals, body weight differed significantly after the 
Day 80 (Figure II-1) compared with HFD mice, and weight gain peaked at 69% (p<0.01) at 
the end of the study (Table II-2). This effect was as ociated with a 79% (p<0.001) less of 
an increase in epididymal fat mass; liver weight was unaffected by the treatment. No 






  50 
 
Figure II-1.  Effects of rosemary extract standardized to 20% carnosic acid on body weight after 16 
weeks. LFD = low-fat diet, HFD = high-fat diet, HFD.RE = high-fat diet supplemented with rosemary 
extract at a concentration equivalent to 500 mpk. Results are presented as means±SD. Significantly 




Table II-2.  Effects of chronic administration of rosemary extract standardized to 20% carnosic acid on 
nutritional and weight parameters in mice fed a low fat diet (LFD), a high fat diet (HFD) or a high fat diet 
















LFD 3.40±0.28 14.75±1.28 10.33±2.18*** 0.99 ± 0.10 0.45 ± 0.26*** 
HFD 3.09±0.19 16.13±0.52 17.01±1.94 1.12 ± 0.13 1.52 ± 0.48 
HFD.RE 3.01±0.10 15.00±0.32 12.37±1.59** 1.14 ± 0.15 0.67 ± 0.15*** 
Results are presented as means ±SD. Significantly different from HFD control (ANOVA one-way Bonferroni): 
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2. Effects of rosemary extract on serum biochemical  parameters  
At 16 weeks of treatment, total fasting glycaemia, total cholesterol, and free fatty acid 
levels rose significantly in the HFD group compared with LFD animals. HFD.RE mice 
experienced 72% (p<0.01) less of an increase in plasma glucose levels and 68% (p<0.001) 
less of a rise in total cholesterol compared with HFD mice. No significant effects were 
observed in free fatty acid or triglyceride levels in HFD.RE mice compared with the HFD 
group (Table II-3). 
Fasting insulinemia was also monitored; insulin leve s remained low during the entire 
experiment, and no significant differences were observed between groups (data not shown). 
 
Table II-3.  Effects of chronic administration of rosemary extract standardized to 20% carnosic acid on 
plasma lipid and glucose levels in mice fed a low fat diet (LFD), a high fat diet (HFD) or a high fat diet 
plus rosemary extract (HFD.RE) after 16 weeks.  
 
Animal group Total Cholesterol (mg/dl) 
Triglycerides 
(mg/dl) 




LFD 107.66±4.80 *** 89.14±12.59* 1.46±0.22 128.60±18.25*** 
HFD 147.58±13.63 129.73±37.46 1.45±0.11 197.81±49.26 
HFD.RE 120.50±15.46*** 102.11±25.68 1.47±0.28 148.00±11.33** 
Results are presented as means ±SD. Significantly different from HFD control (ANOVA one-way Bonferroni): *p <0.05; 
**p<0.01; ***p<0.001  
 
3. Effect of rosemary extract on faecal fat excreti on  
HFD animals had higher faecal fat excretion values (7.63±1.27 mg/100 mg) compared 
with LFD mice (2.74±0.10 mg/100 mg, p<0.001) after 16 weeks. Moreover, RE-treated 
mice experienced a significant 1.2-fold increase (p<0.01) in total faecal content compared 
with HFD animals (Figure II-2). 
Throughout the experiment, there was no significant difference in fat energy intake 
between the HFD and HFD.RE groups. However, faecal fat energy excretion rose 1.3-fold 
(p<0.05) in RE-treated mice (0.270±0.038 kcal/animal/day) versus the HFD group 
(0.208±0.035 kcal/animal/day). Faecal fat energy excr tion differed between the LFD 
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Figure II-2.  Effects of rosemary extract standardized to 20% carnosic acid on total faecal lipid content at 
weeks 0, 8, and 16. LFD = low-fat diet, HFD = high-fat diet, HFD.RE = high-fat diet supplemented with 
rosemary extract at a concentration equivalent to 500 mpk. Results are presented as means ±SD of 
pooled data (n=6) ±SD (except for LFD, n=3). Significantly different from HFD control (ANOVA one-way 
Bonferroni): **p<0.01; ***p<0.001.  
 
 
4. In vitro analysis of the mechanism of rosemary extract  
As shown in Figure II-4, 100 µg/ml RE (p<0.001) inhibited pancreatic lipase activity by 
70% compared with Orlistat. RE also activated PPARγ 1.66-fold (p<0.001) in a dose-
dependent manner compared with the blank control at 30 µg/ml (Figure II-5), whereas 
activation in the positive control, rosiglitazone, was 4.35-fold (p<0.001) that in the blank 
control at 10 nM. Therefore, 30 µg/ml RE is able to activate PPARγ by 19.70% as 
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Figure II-3 . Effects of rosemary extract standardized to 20% carnosic acid on total faecal energy 
excretion over 16 weeks. LFD = low-fat diet, HFD = high-fat diet, HFD.RE = high-fat diet supplemented 
with rosemary extract at a concentration equivalent to 500 mpk. Results are presented as means ±SD 
of pooled data (n=6) ±SD (except for LFD, n=3). Significantly different from HFD control (Student t-test): 




Figure II-4.  Effects of rosemary extract standardized to 20% carnosic acid on pancreatic lipase 
inhibition in vitro. RE=rosemary extract. Results are expressed as percentage of inhibition and 
presented as means ±SD of 3 independent experiments. Significantly different from the blank control 
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Figure II-5.  Effects of rosemary extract standardized to 20% carnosic acid on PPARγ activation in vitro. 
RE=rosemary extract. Results are expressed as percentage of inhibition and presented as means ±SD 
of 3 independent experiments. Significantly different from the blank control (Student t-test): ***p<0.001.  
 
Discussion 
The production of rosemary extracts, estimated to exce d 100 tonnes annually, has risen 
considerably in recent years due to its widespread use in the food, beverage, flavour, food 
supplements, and cosmetic applications (Panda H., 2009;Etter, 2004;Aguilar et al., 2008;al-
Sereiti et al., 1999;Ibarra et al., 2010). Consequently, technologies to develop standardized 
extracts from rosemary have evolved tremendously with regard to quality and 
reproducibility. Recently, we demonstrated the importance of standardization in 
determining the biological activity of plant extracts. Further, depending on content, we 
have observed that the antioxidant activities of various preparations of rosemary extract 
vary (Ibarra et al., 2010). 
Rosemary exerts various biological activities with which preventive nutritional 
strategies against metabolic disorders, such as obeity, dyslipidaemia, and diabetes, can be 
developed (Ninomiya et al., 2004;Rau et al., 2006;Takahashi et al., 2009;Harach et al., 
2010;Wang et al., 2011). Nevertheless, individual studies have examined specific extracts, 
the chemical description of which is not always avail ble. Thus, it can be difficult to 
extrapolate the health benefits of a unique rosemary extract to another solely on the basis of 
published data. 
In a previous study, we identified RE as the most potent antioxidative extract in an ex 
vivo LDL oxidation model (Ibarra et al., 2010), prompting us to determine whether it 
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administration of a 44.92% fat diet to 6-week-old C57BL/6J mice for 16 weeks resulted in 
significant increases in body weight, epididymal fat mass, glycaemia, and cholesterol, 
compared with a low-fat diet, confirming previous reports (Surwit et al., 1995;Black et al., 
1998). 
Treatment of mice with 500 mpk of RE reduced the gains in weight that were induced 
by the high-fat diet without affecting food intake or fat energy intake. It also lowered 
epididymal fat tissue weight significantly compared with HFD mice. In addition, total 
faecal lipid content increased in HFD.RE mice compared with the HFD group, which 
correlates with the amount of total faecal fat energy that was excreted. Based on our study 
and other reports (Harach et al., 2010;Ninomiya et l., 2004), limiting lipid absorption in 
the intestine is a potential mechanism by which RE prevents weight gain. 
This hypothesis is strongly supported by evidence of the in vitro inhibitory effect of RE 
on pancreatic lipase activity, a key enzyme in the digestion and absorption of fat. 
Moreover, similar effects have been reported recently wi h an ethanolic extract of rosemary 
that contains rosmarinic, carnosol, and carnosic acids, wherein the treatment of 15-week-
old DIO mice with 200 mpk of extract limited the weight gain that was induced by a 50-
day high-fat diet and increased the lipid faecal content 2.2-fold. Ninomiya et al. (2004) 
noted that after 2 weeks of treatment with 20 mpk of carnosic acid alone, the weight of ddY 
mice fell by 7.6% compared with the control group. Thus, in our experiment, the effects of 
RE on faecal fat excretion and, consequently, faecal fat energy excretion partially explain 
the observed reductions in body weight. 
In addition to its effects on physiological measure, RE significantly reduced elevated 
cholesterol levels that were induced by the high-fat diet. Although these effects were not 
observed by Harach et al. (2010) or Ninomiya et al. (2004), they were noted in humans 
with Orlistat (Micic et al., 1999;Muls et al., 2001;Erdmann et al., 2004) and in animal 
models with other plant-based pancreatic lipase inhibitors (Han et al., 2005;Sheng et al., 
2006). Dietary cholesterol absorption has been proposed to be associated with fat digestion; 
Young et al. (Sheng et al., 2006) have shown that minimal triacylglycerol hydrolysis is 
sufficient to increase cholesterol transport significantly from lipid emulsions to intestinal 
cells. Consequently, pancreatic lipase inhibition has been proposed to be a target against 
which lipid malabsorption can be triggered to contrl iglyceride and cholesterol levels 
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In this study, fasting glycaemia was reduced in anim ls in the HFD.RE group compared 
with the HFD control group. Few studies have evaluated the effect of rosemary on diabetes. 
Antihyperglycaemic effects can be induced by an ethanolic rosemary extract in the alloxan 
diabetic rat model (Bakirel et al., 2008) and by a water rosemary extract in a mouse model 
(Erenmemisoglu et al., 1997), whereas no such effect has been observed in the DIO mouse 
model with an extract that contains rosmarinic acid, arnosol, and carnosic acid (Harach et 
al., 2010). Based on these data, it appears that the antihyperglycaemic activity and 
preventive effects against T2DM of an extract depend o  its composition and the animal 
model in which it is tested. 
Recently, it was reported that the glucose-lowering effect of rosemary is attributed to 
PPARγ activation, in which carnosic acid and carnosol were proposed be the active 
compounds (Rau et al., 2006). Therefore, we examined th  in vitro effects of RE on PPARγ 
activation, hypothesizing that the glucose-lowering effects are mediated through this 
mechanism. 
In our study on C57BL/6J mice, we used an effective dose of RE—500 mpk—which 
contains 100 mpk of carnosic acid. The EFSA Panel o F od Additives has estimated the 
dietary exposure for adults and pre-school children (aged 1.5 to 4.5 years) to carnosol plus 
carnosic acid to be 0.04 and 0.11 mpk, respectively (Aguilar et al., 2008). Thus, 
considering the normal dietary exposure of carnosic ac d, we used a pharmacological dose 
of RE. 
In addition, the Panel also notes that the margin between the no observable adverse 
effect level (NOAEL) of carnosol plus carnosic acid, as calculated in 90-day rat studies, is 
equivalent to 20–60 mpk, and the mean intake of carnosic acid-rich rosemary extracts is 
estimated to be 500–1500 mg/day in adults and 182–546 mg/day in pre-school children 
(Aguilar et al., 2008). Therefore, future randomized clinical trials that aim to confirm the 
efficacy of RE in humans should consider these values to establish an effective and safe 
dose. 
In conclusion, we have demonstrated that a carnosic-standardized rosemary extract 
limits weight gain and improves plasma lipid and glucose levels in a high-fat diet mouse 
model. These data confirm its potential for use in preventive strategies against metabolic 
disorders and encourage the initiation of further studies to recapitulate the physiological 
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Abstract 
Two new secoiridoid glucosides, excelside A (1) and B (2), were isolated from the 
seeds of Fraxinus excelsior. Their structures were elucidated as (2S,4S,3E)-methyl 3-
ethylidene-4-(2-methoxy-2-oxoethyl)-2-[(6-O β-D-glucopyranosyl-β-D-
glucopyranosyl)oxy]-3,4-dihydro-2H-pyran-5-carboxylate and (2S,4S,3E)-methyl 3-
ethylidene-4-{2-[2-(4-hydroxyphenyl)ethyl]oxy-2-oxoethyl}-2-[(6-O-β-D-glucopyranosyl-
β-D-glucopyranosyl)oxy]-3,4-dihydro-2H-pyran-5-carboxylate, respectively, on the basis 
of NMR and MS data. Eight known compounds were identifi d as nuzhenide (3), GI3 (4), 
GI5 (5), ligstroside (6), oleoside 11-methyl ester (7), oleoside dimethyl ester (8), 1’’’- O-β-
D-glucosylformoside (9), and salidroside (10). Compounds 1-9 inhibited adipocyte 
differentiation in 3T3-L1 cells. Dilutions of the aqueous extract of F. excelsior (1:10 000) 
as well as compounds 2, 3, 4, 5, and 8 activated the peroxisome proliferator-mediated 
receptor-α (PPARα) reporter cell system in the range of 10-4 M, compared to 10-7-108 M for 
the synthetic PPARα activiator, WY14,643. Both biological activity profiles support the 
hypothesis that inhibition of adipocyte differentiation and PPARα-mediated mechanisms 
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Introduction 
The plant Fraxinus excelsior L. (Oleaceae) is known as “common ash” or “European 
ash” in temperate Asia and Europe (Hemmer et al., 2000;Eddouks et al., 2002). The plant is 
also widely distributed throughout the southeast of M rocco (Tafilalet), where it is locally 
known as “Lissan Ettir” and its seeds as “l’ssane l’ousfour”. This region is a rich source of 
ethnobotanicals and an area which phytotherapy has been well developed (Eddouks et al., 
2002;Maghrani et al., 2004;Eddouks et al., 2005). Aqueous seed extract of  F. excelsior 
(FE) has been shown to be highly potent in the reduction of blood glucose levels without 
significantly affecting insulin levels (Eddouks et al., 2005;Eddouks and Maghrani, 
2004;Maghrani et al., 2004). The Phlorizin-like effect of inhibiting renal glucose 
reabsorption is a potential mechanism for the hypoglycemic effect of FE (Eddouks and 
Maghrani, 2004). Previous investigations on the chemical composition of FE led to the 
characterization of several compound classes including secoiridoid glucosides, coumarins, 
flavonoids, phenylethanoids, benzoquinones, indole derivatives, and simple phenolic 
compounds (Iossifova etal., 1997;Kostova and Iossifva, 2007;Egan et al., 2004;Damtoft et 
al., 1992). However, bioactivity studies have not been reported.  
During prescreening, FE was found to activate PPARα and mildly inhibited adipocyte 
differentiation in 3T3-L1 preadipocytes. PPARα- or PPARγ-mediated pathways have been 
associated with protection against diabetes (Shulman and Mangelsdorf, 2005;Lee et al., 
2003;Evans et al., 2004). Various synthetic PPARα/γ-selective agents have been reported 
to have potent antidiabetic activity (Lee et al., 2003;Bays and Stein, 2003). The focus of 
this study was to isolate and characterize the potential active principle(s) of FE and 
evaluate their biological activity in adipocyte (3T3-L1 cells) differentiation and PPARα 
reporter assays.   Sequential combination of normal, reversed-phase, and gel permeation 
column chromatography led to the isolation of nine s coiridoids including the new 
excelsides A (1) and B (2), the known nuzhenide (3) (Servili et al., 1999), GI3 (4) 
(LaLonde et al., 1976), GI5 (5) (Egan et al., 2004;Tanahashi et al., 1996), ligstroside (6) 
(Takenaka et al., 2000), oleoside-11-methyl ester (7) (Sugiyama et al., 1993), oleoside 
dimethyl ester (8) (Shen et al., 1996), and 1’’’-O-β-D-glucopyranosylformoside (9) 
(Tanahashi et al., 1992), and the phenylethanoid sal roside (10) (Tolonen et al., 2003; 
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the iridoids 1-9 on adipocyte differentiation in 3T3-L1 cells, and the activation of PPARα 
by 2, 3-5, and 8, as potential mechanisms underlying the reported antidi betic activity of 
FE. 
 
Results and discussion 
Excelside A (1) was obtained as an amorphous powder. Its molecular formula, 
C24H36O16, was established on the basis of its HRFABMS (m/z 603.1890 [M + Na]
+, calcd 
for C24H36O16Na, 603.1901) and was supported by NMR data. The IR spectrum of 1 
showed hydroxy absorption at 3401 and carbonyl absorptions at 1734 and 1717 cm-1. The 
1H and 13C NMR data indicated that 1 was an oleoside-type secoiridoid glucoside based on 
proton signals at δ 7.51 (s, H-3), 5.94 (s, H-1), 6.09 (q, J = 7.2 Hz, H-8), 1.72 (d, J = 7.2 
Hz, H3-10), and 4.80 (d, J = 7.6 Hz, H-1’), as well as the corresponding 
13C NMR signals at 
δC 155.2 (C-3), 94.8 (C-1), 124.7 (C-8), 13.6 (C-10), and 100.6 (C-1’). The 
1H NMR 
signals at δ 3.62 and 3.70 and corresponding 13C NMR (gHMQC) resonances at δC 51.9 and 
52.3 were ascribed to two methoxy groups. The two methoxy groups showed correlations 
with C-7 (δC 173.7) and C-11 (δC 168.7) in the gHMBC spectrum, respectively, indicating 
that 1 possesses a 7,11-oleoside dimethyl ester unit (Shen et al., 1996;Boros and Stermitz, 
1991). The additional 13C NMR signals were ascribable to a β-glucopyranosyl moiety (δC 
105.2, 75.2, 77.7, 71.6, 77.8, and 62.7) attached to C-6’ of the oleoside moiety, as 
evidenced by a 7.5 ppm dowfield shift of C-6’ and upfield shifts of C-3’ and C-5’ of 0.8 
and 3.2 ppm, respectively, compared to compound 8. The HMBC cross-peaks between H-
1’’’ at δ 4.36 and C-6’ at δC 70.1, as well as H-6’ (δ 4.16 and 3.76) and C-1’’’ (δC 105.2), 
supported these conclusions. The 10-methyl group attached to the ∆8,9-olefinic bond was 
determined to have an E-configuration by the ROESY spectrum, showing a strong 
correlation between H-10 (δ 1.72) and H-5 (δ 3.98). A ROESY correlation between the 
signals of H-1 (δ 5.94) and H-6 (δ 2.52) indicated that H-1 is α-oriented. The D-
configuration of the glucopyranosyl was confirmed via acid hydrolysis (see Experimental 
Section). Hence, the structure of 1 was determined to be (2S,4S,3E)-methyl 3-ethylidene-4-
(2-methoxy-2-oxoethyl)-2-[(6-O-β-D-glucopyranosyl-β-D-glucopyranosyl)oxy]-3,4-
dihydro-2H-pyran-5-carboxylate, for which the name excelside A is suggested. The 1H and 
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Excelside B (2) was isolated as a white, amorphous powder. Its molecular formula was 
established as C31H42O17 by HRFABMS (m/z 687.2506 [M + H]
+, calcd for C31H43O17, 
687.2500) and supported by NMR data. The IR spectrum showed a hydroxy absorption at 
3400 and carbonyl absorptions at 1701 and 1636 cm-1. The 1H NMR spectrum displayed 
typical signals of an oleoside moiety at δ 7.51 (s, H-3), 5.95 (s, H-1), 6.06 (q, H-8), 1.62 (d, 
H3-10), and 4.82 (d, H-1’). The corresponding 
13C NMR data are shown in Table III-1. The 
observed phenylethanoid signals as well as an AA’BB’ spin system in the aromatic ring at 
δ 6.72 (2H, d, J = 8.4 Hz) and δ 7.04 (2H, d, J = 8.4 Hz) suggested para-disubstitution. The 
long-range 1H-13C correlations (gHMBC) between H-1” at δ 4.27 and C-7 at δC 173.4 
suggested that the phenylethyloxy moiety was attached at C-7, which related the structure 
of 2 to ligstroside (6) (Takenaka et al., 2000). Six additional 13C NMR signals in 2 were 
assigned to a β-glucopyranosyl moiety (δ 105.2, 75.1, 77.8, 71.4, 77.6, and 62.7). Its 
attachment at C-6’ was confirmed by the observed glycosidation  chemical shift effects: a 
7.5 ppm downfield shift of C-6’ and upfield shifts of 0.8 and 3.1 ppm of C-3’ and C-5’, 
respectively, compared to compound 6. A gHMBC correlation between the anomeric H-
1’’’ ( δ 4.31) and C-6’ (δC 70.1) confirmed thise assignment. The position of the methoxy 
group was assigned at C-11 due to the observed long-range correlations of the O-methyl 
hydrogens (δ 3.70) and C-11 (δC 168.7) in the gHMBC spectrum. Acid hydrolysis of 2 
yielded D-glucose (see Experimental Section). Thus, compound 2 was designated as 
(2S,4S,3E)-methyl 3-ethylidene-4-{2-[2-(4-hydroxyphenyl)ethyl]oxy-2-oxoethyl}-2-[(6-O-
β-D-glucopyranosyl-β-D-glucopyranosyl)oxy]-3,4-dihydro-2H-pyran-5-carboxylate, for 
which the name excelside B is suggested. The 1H and 13C NMR data are given in Table III-
1.  
In order to evaluate their antidiabetes and antiadipogenesis activities, compounds 1-9 
and FE were evaluated for their glucose transport (GLUT4) stimulatory (GTS) and 
differentiation inhibitory effects in 3T3-L1 preadipocytes, respectively. GLUT4 is the 
major insulin-dependent transporter responsible for the uptake of glucose from the 
bloodstream into muscle and fat tissue, so as to decrease the glucose concentration in the 
blood. No GTS activity was observed for 1-9 and FE in the glucose uptake activity assay, 
which excludes the possibility of GLUT4 being a mediator for the effect of secoiridoids in 
FE on plasma glucose levels. However, 1-9 inhibited adipocyte differentiation in 3T3-L1 
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adipogensis-inhibitory activity, compounds 2, 8, and 9 promoted adipogenesis at low 
concentrations and inhibited it at higher concentrations. These observations provide a 
preliminary basis for the observed decreasing fat gain of FE in mice.  
 
Table III-1.  NMR Data (400 MHz, methanol-d4) of Excelsides A (1) and B (2) 
 
  1   2  
no. δ (J in Hz) δC, mult. HMBC 
(H to C) 
δ (J in Hz) δC, mult. HMBC  
(H to C) 
1 5.94 s 94.8 d 8, 1′ 5.95 s 94.7 d 8, 1′ 
3 7.51 s 155.2 d 1, 4, 5, 11 7.51 s 155.2 d  1, 4, 5 11 
4  109.3 s   109.3 s  
5 3.98 dd (9.6, 4.4) 31.9 d 1, 3, 4, 6, 7, 
8, 9, 11 
3.96 dd  (9.6, 4.4) 32.0 d 7, 11 
6 2.76 dd (14.0, 4.4) 
2.52 dd (14.0, 9.6) 
41.1t 
 
4, 5, 7, 9 
4, 5, 7, 9 
2.73 dd  (14.0, 4.4) 
2.52 dd  (14.0, 9.6) 
 
41.3 t 7 
7 
7  173.7 s   173.4 s  
8 6.09 q (7.2) 124.7 d 1, 5, 10 6.06 q (7.2) 124.8 d 1, 5, 9, 10 
9  130.4 s   130.1 s  
10 1.72 d (7.2) 13.6 q 8, 9 1.62 d  (7.2) 13.6 q 8, 9 
11  168.7 s   168.7 s  
OCH3 3.70 s 52.3 q 11 3.70 s 51.9 q 11 
OCH3 3.62 s 51.9 q 7    
1′ 4.80 d (7.6) 100.6 d 1 4.82 d (7.6) 100.4 d 1, 2′ 
2′ 3.30 m 77.8 d  3.37 m 77.8 d  
3′ 3.52 m 77.6 d  3.53 m 77.5 d  
4′ 3.40 m 71.5 d  3.39 m 71.5 d  
5′ 3.32 m 74.7 d  3.34 m 74.7 d  
6′ 4.16 dd (12.0, 2.0) 
3.76 dd (12.0, 6.8) 
70.1 t 1′′′ 4.16 d (12.0, 1.6) 
3.75 dd  (12.0, 6.4) 
70.1 t 5′, 1′′′ 
1′′    4.27 m  
4.07 m 
67.0 t 7, 2′′, 3′′ 
7, 2′′, 3′′ 
2′′    2.82 t (6.8) 35.2 t  
3′′     130.3 s  
4′′    7.04 d  (8.4) 131.1 d 2′′, 3′′, 6′′  
5′′    6.72 d  (8.4) 116.4 d  3′′, 4′′, 6′′ 
6′′     157.0 s  
7′′    6.72 d  (8.4) 116.4 d  
8′′    7.04 d  (8.4) 131.1 d  
1′′′ 4.36 d (7.6) 105.2 d 6′ 4.31 d (7.6) 105.2 d 6′ 
2′′′ 3.18 m 75.2 d  3.17 m 75.1 d  
3′′′ 3.39 m 77.7 d  3.41 m 77.8 d  
4′′′ 3.27 m 71.6 d  3.26 m 71.4 d  
5′′′ 3.25 m 77.8 d  3.16 m 77.6 d  
6′′′ 3.85 br d (11.6) 
3.66 m 
62.7 t  3.82 dd  (12.0, 2.4) 
3.62 dd  (12.0, 5.6) 
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The biological effects of 2-5 and 8 were also evaluated on the PPARα reporter cell 
lines. PPARα pathways are known to be involved in lipid homeostasis and inflammation 
25-26 (Kliewer et al., 1997;Szeles et al., 2007;Kostadinova et al., 2005). PPARα is a main 
target of fibrate drugs for therapy of hyperlipidemia and hyperglycemia (Evans et al., 
2004). In the present study, the synthetic and selective PPARα activator WY14,643 was 
used as positive control, exhibiting a concentration-dependent activation (Table III-3). 
Compounds 2-5 and 8 were partly active at a concentration of 10-4 M, compared to 10-7-10-8 
M for WY14,643.. These preliminary biological profiles suggest that inhibition of 
adipocyte differentiation and PPARα-mediated pathways might be relevant mechanisms 
that can explain the antidiabetic activity of F. excelsior extract.  
 
Table III-2.  Inhibitory Activity of the F. excelsior Iridoids on Adipocyte Differentiation 
Compound 
Concentration (mg/mL) 
0.05 0.2 0.5 1.0 
2 -16.7 ± 1.1a -30.8 ± 2.9 -22.7 ± 2.5 -24.3 ± 3.9 
3 -15.2 ± 1.5 -28.3 ± 1.8 -27.9 ± 2.1 -38.2 ± 4.0 
4 2.3 ± 0.4 -8.3 ± 1.0 -10.4 ± 1.7 -2.1 ± 1.1 
5 -4.7 ± 2.1 -31.7 ± 4.2 -57.7 ± 5.5 -100 
 Concentration (mg/mL) 
 0.01 0.05 0.1 0.5 
1 102.5 ± 12.2 30.9 ± 5.9 -16.6 ± 2.1 NDb 
6 -9.3 ± 2.2 -76.4 ± 18.7 -9.8 ± 3.9 ND 
7 -7.9 ± 2.1 -34.8 ± 3.3 -85.2 ± 9.4 ND 
8 78.2 ± 9.1 -7.3 ± 10.1 -81.0 ± 9.5 ND 
9 77.6 ± 7.4 -17.1 ± 3.6 -49.7 ± 7.2 ND 
a The inhibitory activity was measured using the glucose uptake assay. A negative value indicates an inhibitory activity 
to adipocyte differentiation. A value of -50 indicates a measured glucose uptake value 50% lower than that of the MDI-
treated (fully differentiated) samples, which was arbitrarily set at zero. A value of -100 indicates a measurement 
equivalent the value measured by the non-MDI-treated (no differentiation) samples. A positive value indicates an 
adipocyte differentiation promoting activity. One hundred means a measurement 100% higher than the value 
measured in the samples treated by MDI (MDI is a combination of IBMX, dexamethasone, and insulin).  b ND = not 










  69 
Table III-3 . PPARα Activation Potential of the F. excelsior Iridoids in Reporter Cell Lines 
Compounds/ Extract Concentration (M) relative activation in % 
DMSO  1 
WY14,643 10-5 100 
 10-6 62.8 ± 35.2 
 10-7 36.7 ± 15.7 
 10-8 17.3 ± 13.1 
 10-9 13.0 ± 11.0 
2 10-4 24.8 ± 9.6 
3 10-4 12.2 ± 11.7 
4 10-4 21.0 ± 15.7 
5 10-4 14.2 ± 13.8 
8 10-4 27.9 ± 9.9 




1. General Experimental Procedures 
  Optical rotations were measured with a Perkin-Elmer 241 polarimeter. FT-IR was 
performed on a Perkin-Elmer spectrum BX system (Perkin-Elmer Instruments, Norwalk, 
CT). UV spectra were acquired on a Shimadzu UV-1700 UV-visible spectrophotometer. 
The 1H and 13C NMR spectra were recorded on an Inova-400 (1H at 400 MHz) instrument 
(Varian Inc., Palo Alto, CA) with methanol-d4 (reference 3.30 ppm) and D2O as the solvent 
(Aldrich Chemical Co., Allentown, PA). The 2D correlation spectra were obtained using 
standard gradient pulse sequences of Varian VNMR software and performed on 4-nuclei 
PFG autoswitchable or PFG indirect detection probes. HRFABMS was run on a JEOL HX-
110 double focusing mass spectrometer. Both negative nd positive ESIMS were obtained 
on an LCQ ion trap (Thermo-Finnigan, San Jose, CA). GC-MS analysis was carried out on 
an Agilent HP 6890 Series gas chromatograph system and Agilent HP 5973 mass 
spectrometer (Santa Clara, CA) with an Rxi-1ms capillary GC column (60 m × 0.25 mm 
i.d. × 1.0µm). HPLC analysis was performed on an Agilent 1100 LC Series using a Prodigy 
ODS3 column (5µm, 4.6 mm i.d. × 25 cm) with a flow rate of 1.0 mL/in. Solvent system 
consisted of 0.1% TFA/H2O (A) and MeCN (B) in the following manner: 0-5 min, 0-20% 
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allowed to flush the column for 10 min, and an additional 10 min of post-run time was set 
to allow for equilibration of the column with the starting eluant. The UV detector was 
operating at 238 nm, and the column temperature was ambient. 
3T3-L1 fibroblasts were purchased from American Type Culture Collection (ATCC, 
Rockville, MD). Dulbecco’s modified Eagle’s medium (DMEM) and Dulbecco’s PBS 
(DPBS) were from Gibco Life Technologies (Grand Island, NY). Fetal bovine serum (FBS) 
was from Atlanta Biologicals (Norcross, GA). Insulin (IS), 3-isobutyl-1-methylxanthine 
(IBMX), and dexamethasone (DEX) were from Sigma Chemical (St. Louis, MO). 2-
Deoxy-D-[3H]glucose and XK 50 columns were from Amersham Pharmacia Biotech 
(Piscataway, NJ). Chemicals for plasmid preparation and PPAR activity testing were 
purchased from Sigma-Aldrich KFT (Budapest, Hungary), Certex KFT (Budapest, 
Hungary), Promega (Bioscience KFT, Budapest, Hungary), or Spectrum 3D (Debrecen, 
Hungary). 
 
2. Plant Material 
The seeds of F. excelsior were collected in Morocco. A voucher specimen (J02/02/A7) 
was deposited in the Herbarium of Naturex, Inc. 
 
3. Extraction and Isolation 
Air-dried and powered seeds (2.5 kg) of F. excelsior were extracted with H2O (2 × 15 
L) at 95 oC for 2h. The combined extract was concentrated and dried into powder (500 g). 
The powder was re-extracted with MeOH (2 × 3.5 L), and the MeOH was evaporated in 
vacuo. The obtained extract (54 g solid) was reconstituted in 0.5 L of H2O and was loaded 
on a C-18 (1 L) (Sigma Chemical Co., St. Louis, MO) column (8.0 cm i.d. × 70 cm) eluted 
with H2O (5 L) and 10% MeOH/H2O (3 L). Fractions with similar HPLC  chromatograms 
were combined and concentrated in vacuo. The combined water fractions (21 g solid) were 
separated over silica gel (Sorbent Technologies, Inc.) by column chromatography (500 g, 
3.5 cm × 60 cm), eluting with a step gradient consisting of CH3Cl/MeOH (10:1, 8:1, 5:1, 
3:1, 2:1). In each gradient step, 1.5 L of eluent was used and 0.5 L was collected as one 
fraction. A total of 15 fractions were collected and labeled as W-fractions. These fractions 
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(100 mL, 2.5 cm × 40 cm) and/or Sephadex LH-20 (100 mL, 2.5 cm × 40 cm), eluting with 
a H2O/MeOH (4:6) system to yield 3 (210 mg from fraction W-9, tR = 12.6 min in HPLC), 
6 (46 mg from W-2, tR = 19.3 min), 7 (28 mg from W-11, tR = 9.4 min), 8 (41 mg from W-
10, tR = 12.7 min), 9 (21 mg from W-8, tR = 13.4 min), and 10 (22 mg from W-4, tR = 8.1 
min). In a similar manner to that above, the 10% MeOH/H2O eluates (12 g solid) from the 
C-18 column were chromatographed over a silica gel column using CH3Cl/MeOH (10:1, 
8:1, 5:1, 3:1, 2:1) as solvent system and collecting a total of 15 M-fractions. These fractions 
were chromatographed over MCI gel CHP-20P and/or Sephadex LH-20 to yield 1 (16 mg 
from fraction M-8, tR = 10.4 min), 2 (33 mg from M-6, tR = 15.6 min), 4 (238 mg from M-
3, tR = 17.9 min), and 5 (36 mg from M-5, tR = 20.4 min). 
 
Excelside A (1): amorphous, white powder; [α]25D –106.1 (c 0.18, MeOH); UV (MeOH) 
max (log ) 232 (4.61) nm; IR (KBr) max 3401, 1734, 1717, 1626 cm
-1; 1H and 13C NMR 
data, see Table III-1; HRFABMS m/z 603.1890 [M + Na]+ (calcd. for C24H36O16Na, 
603.1901).  
 
Excelside B (2): amorphous, white powder; [α]25D –115.6 (c 0.16, MeOH); UV (MeOH) 
max (log ) 230 (4.33), 275 (4.02), 283 (0.56) nm; IR (KBr) max 3400, 1701, 1636, 1518 
cm-1; 1H and 13C NMR data, see Table III-1; HRFABMS m/z 687.2506 [M + H]+ (calcd. 
for C31H43O17, 687.2500).  
 
4. Acid Hydrolysis of Compounds 1 and 2 and Sugar A nalysis 
Solutions of compounds 1 and 2 (2.0 mg each) in 1 N HCI (1 mL) were separately 
stirred at 85 °C for 3h. The solution was evaporated under a stream of N2. The residue was 
dissolved in 0.1 mL of Tri-Sil Z (N-trimethylsilylimidazole/pyridine, 1:4, Pierce 
Biotechnology, Rockford, IL), and the mixture was allowed to react at 60 °C for 15 min. 
After drying under a stream of N2, the residue was dissolved in 1 mL of H2O and 
partitioned with 1 mL of CH2CI2. The  CH2CI2 layer was analyzed by GC-MS (Rxi-1ms 
GC column, temperatures for inlet injection, 200 °C; temperature gradient system for the 
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identified for 1 and 2 by comparison with retention time of authentic D-glucose (tR = 9.72 
min) after treatment in the same manner with Tri-Sil Z.  
 
5. Cell Culture and Adipocyte Differentiation 
For differentiation assays, 3T3-L1 cells were maintained in Dulbecco's Modified 
Eagle's medium (DMEM) and supplemented with 10% FBS at 37°C in a 10% CO2 cell 
incubator. Preadipocyte 3T3-L1 cells were grown in 12-well plates until 2 days post-
confluence. The differentiation was induced as previously described (Liu et al., 2001;Liu et 
al., 2005) by addition of 1 mg/L insulin (IS), 0.5 mmol/L 3-isobutyl-1-methylxanthine 
(IBMX), and 0.25 mmol/L dexamethasone (DEX). Two days after induction, the 
IS/IBMX/DEX–containing medium was replaced with medium containing 1 mg/L IS. The 
medium was subsequently replaced again with fresh culture medium (DMEM 
supplemented with 10% FBS) after 2 days and then every other day thereafter. To 
determine the roles of compounds in adipocyte differentiation, different concentrations of 
individual compound were added to the medium along with IS/IBMX/DEX 
(BE/IS/IBMX/DEX). The compound-treated cells were ass yed for their glucose uptake 
activity 9–12 days after the initiation of induction. 
 
6. Glucose Uptake Activity Assay 
Glucose uptake activity was analyzed by measuring the uptake of 2-deoxy-D-
[3H]glucose as described previously (Liu et al., 2001;Liu et al., 2005). Briefly, confluent 
3T3-L1 adipocytes grown in 12-well plates were washed twice with serum-free DMEM 
and incubated with 1 mL of the same medium at 37 °C for 2 h. The cells were washed 3 
times with Krebs-Ringer-Hepes (KRP) buffer and incubated with 0.9 mL KRP buffer at 
37 °C for 30 min. Insulin, FE, or compounds were thn added and adipocytes incubated at 
37 °C for 15 min. Glucose uptake was initiated by the addition of 0.1 mL of KRP buffer 
and 37 MBq/L 2-deoxy-D-[3H]-glucose and 1 mmol/L glucose as final concentrations. 
After 10 min, glucose uptake was terminated by washing the cells 3 times with cold PBS. 
The cells were lysed with 0.7 mL of 1% Triton X-100 at 37 °C for 20 min. The 
radioactivity retained by the cell lysates was determined by a scintillation counter. Assays 
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samples of the same treatment conditions as a group with negative control (untreated) 
samples, positive (insulin-treated) samples, or experimental samples with different 
treatment conditions. If values were below that of the negative control, they were 
interpreted as due to  inhibitory activity. 
 
7. Adipocyte Differentiation Assay 
Undifferentiated 3T3-L1 preadipocytes were induced to ifferentiate into adipocytes as 
described above. The degree of the differentiation of the cells induced by different agents 
was evaluated by microscopic observation of lipid accumulation, as well as by their glucose 
uptake activities at the end of the induction. The glucose uptake assay was chosen and 
performed here for determination of the degree of adipocyte differentiation on the basis of 
the observation that differentiated adipocytes can be induced by insulin to take up glucose, 
whereas undifferentiated preadipocytes cannot (Liu et al., 2001;Liu et al., 2005). In 
addition, a near-linear relationship was found betwe n the glucose uptake activity of 
differentiated adipocytes and the triglyceride contents of cells (unpublished data). Glucose 
uptake and adipocyte differentiation inhibition assays for each compound or fraction were 
performed at least twice (n = 2).  The result was normalized and expressed as percentage by 
considering the activities of positive (1 nmol/mL of insulin) and negative control (MeOH) 
as 100% and 0%, respectively. Results were reported as mean ± standard error of means 
(SEM). Data were analyzed by comparing compound-treated samples with untreated 
negative control samples or with insulin-treated positive samples using one-way ANOVA 
with Turkey’s post hoc test. Significance level was set at p ≤ 0.05. 
 
8. PPAR Reporter Cell Lines. Preparation of Plasmid s 
MH100-TK-LUC was utilized as luciferase reporter gene, and β-galactosidase gene was 
used as internal control. PPARα and RXRα constructs and β-galactosidase vector were 
transfected with MH100-TK-LUC. In order to equalize the DNA amount, the VDR-1 vector 
plasmid was used. All the plasmids contain the ampicillin resistance gene, which are 
controlled by SV40 promotor, and all plasmids originate from the Nuclear Hormone 
Receptor Research group of the Department of Biochemistry and Molecular Biology, 





  74 
shock transformation. The plasmids were replicated in DH5-α E. coli grown in Luria-
Bertani (LB) medium supplemented with ampicillin (25 ng/mL). Plasmid extraction was 
conducted via Wizard Prep Mini Column purification kit. 
 
9. Cell culture and transient transfection.  
Human embryonic kidney (HEK) cells were cultured in DMEM supplemented with 
10% fetal bovine serum (FBS), 1% penicillin streptomycin, and 2 mM L-glutamin. For 
experiments, 2 × 106 cells were grown in T-75 flasks at 37 oC with 5 % CO2. In 24-well 
plates, 80.000 cells were seeded per well to obtain 70-80 % confluency, 24 h before 
transfection. Polyethylenimine (PEI)-based transfection was performed. The protocol was 
applied for a 24-well plate transfection. Plasmid DNA (1 µg) was diluted into 50 µL of 150 
mM NaCl per well. PEI solution (2 µL) was diluted into 50 µl of 150 mM NaCl for each 
well. PEI solution was gently added to the DNA soluti n, and after mixing, it was 
incubated at room temperature for 15 to 30 min to permit the formation of PEI/DNA 
complex. DMEM supplemented with 10% fetal bovine serum (FBS), 1 % penicillin 
streptomycin, and 2 mM L-glutamin was taken out from the transfection plate, and 
PEI/DNA complex was gently added for each well. The w lls were filled with 
unsupplemented DMEM. The cells were transfected for 4 h, and after changing the medium 
with supplemented (medium including derivatives) DME , the cells were incubated for 2 
days to allow luciferase protein expression. After 48 h, cells were rinsed by 1% PBS and 
lysed with reporter lysis buffer. Plates were shaken for 2 h and kept at -80 oC for 1 h. The 
luciferase activity of cell lysates was measured with 50 µl of luciferase assay kit by 
luminometer (Wallac 1420 Victor, Perform Hungaria KFT, Budapest, Hungary). The 
results were normalized against β-gal as control. 
While FE was diluted 1:10 000 in H2O, compounds 2- 5, and 8 were dissolved in 
DMSO at 10-4M and applied to the cell culture medium (supplemented DMEM). The cell 
culture experiments were conducted 3 times independently and normalized to 100, 
corresponding to WY14, 643 × 10-5M, a PPARα agonist used as positive control. The 
activation of PPARα by FE, the isolated compounds, and positive control resulted in the 
expression of luciferase and consequent increment of the luminescent signals, which were 
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PPARα proportional to the luminescent signal emitted by the control conditions (DMSO). 
Results are expressed as mean ± SD. 
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Abstract 
Purpose: The aim of this study was to determine whether a Fraxinus excelsior L. seed 
extract, FraxiPure™ (0.5% in the diet), limits weight gain and hyperglycemia in mice. In a 
previous report, we identified several secoiridoids in FraxiPure™, some of which activated 
peroxisome proliferator-activated receptor alpha (PPARα) in vitro and inhibited the 
differentiation of 3T3-L1 preadipocyte cells. In a separate study, FraxiPure™ reduced 
glycemia in healthy volunteers, following an oral glucose tolerance test. These findings 
suggest that FraxiPure™ has antiobesity and antihyperglycemia effects. 
Materials and methods: FraxiPure™ was tested in mice that were fed a high-fat diet 
over 16 weeks and compared with low-fat and high-fat diet controls. Weight gain, omental 
and retroperitoneal fat, fasting blood glucose, and f sting blood insulin were measured. 
Results: FraxiPure™ reduced gains in body weight by 32.30% (p<0.05), omental fat by 
17.92%, and retroperitoneal fat by 17.78%. FraxiPure™ also lowered fasting blood glucose 
levels by 76.52% (p<0.001) and plasma insulin levels by 53.43% (p<0.05) after 16 weeks. 
Moreover, FraxiPure™ lowered liver weight gains by 63.62% (p<0.05) and the incidence 
of fatty livers by 66.67%.  
Conclusions: Our novel results demonstrate the antiobesity effects of chronic 
administration of an F. excelsior seed extract and confirm its ability to regulate glycemia 
and insulinemia. In addition, this extract, which is rich in secoiridoid glucosides, protects 
against obesity-related liver steatosis. 
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Introduction 
The common ash (Fraxinus excelsior L., Oleaceae) is a tree that grows naturally in 
temperate regions across Europe and Asia (Pliûra and Heuertz, 2003; Eddouks et al., 2005) 
and exists throughout southeastern Morocco (Eddouks et al., 2002). Several reports have 
demonstrated that ash seeds have been used tradition lly as food and condiments (Hedrick, 
1919; Kunkel, 1984; Sinclair, 1998; Vergne, 2001; Boisver, 2003; Eddouks and Maghrani, 
2004; Maghrani et al., 2004; Eddouks et al., 2005) and administered to improve several 
health conditions (Parsa, 1959; Eddouks and Maghrani, 2004). 
In Europe, there is evidence that these seeds have been collected since the Middle Ages 
(Vermeeren and Gumbert, 2008). The aqueous seed extract of the ash tree is recognized as 
an effective hypoglycemic and antidiabetic agent by traditional healers in Morocco 
(Eddouks et al., 2005). Moreover, ash seed extract h s hypoglycemic and antidiabetic 
effects in normal and streptozotocin-induced diabetic rats (Eddouks and Maghrani, 2004; 
Maghrani et al., 2004). 
In a previous study, we developed a well-standardized extract of F. excelsior seeds 
(FraxiPure™, Naturex Inc.) (Visen et al., 2009), in which a glucose screen (50 g) was used 
to assess the effects of FraxiPure™ on plasma glucose and insulin levels. The intervention 
was double-blinded, randomized, crossover design that tested FraxiPure™ (1.0 g) versus 
matching placebo (1.0 g of wheat bran) in 16 healthy volunteers. FraxiPure™ significantly 
reduced the glycemic area under the curve (Visen et al., 2009). 
In a separate study, we identified (1) salidroside, a phenolic compound, and 9 
secoiridoid glucosides in FraxiPure™: (2) oleoside-11-methylester, (3) nuzhenide, (4) 1′′′-
O-β-D-glucosylformoside, (5) excelside B, (6) Gl3, (7) Gl5, (8) excelside A, (9) ligstroside, 
and (10) oleoside dimethyl ester (Bai et al., 2010). In an in vitro study, we demonstrated 
that compounds 2-9 inhibited adipocyte differentiation in 3T3-L1 cells (Bai et al. 2010). 
Further, FraxiPure™ (at 1:10,000) and secoiridoids 3, 6- 8, and 10 activated a peroxisome 
proliferator-activated receptor alpha (PPARα) reporter cell system in the range of 10-4 M, 
comparable with 10-8 M WY 14,643, a specific PPARα agonist that has robust 
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Based on these findings, the purpose of this study was to examine the antiobesity and 
antihyperglycemia effects of FraxiPure™ and evaluate its safety in a low-fat/high-fat 
mouse model.  
 
Materials and Methods 
1. F. excelsior seed extract 
F. excelsior seeds were collected from rural communities in Morocco and deposited 
into the herbarium (voucher specimen # J02/02/A7; Reference # RB3524) at Naturex 
Maroc, Technopole Nouasser BP 42, Casablanca 20240, Morocco. Extracts of the sample 
were generated through an established industrial process at Naturex France (FraxiPure™, 
Reference: EA149251, Naturex SA, Site d’Agroparc BP 1218, 84911 Avignon Cedex 9, 
France) (Visen et al., 2009).  
 
2. Chromatographic analysis 
HPLC analysis was performed on an Agilent 1100 LC Series that was equipped with a 
quaternary pump, a 4-channel online degasser, an autosampler, a column oven, and a 
photodiode array detector. Chromatography was performed using a Prodigy ODS3 column 
(5 µm, 4.6 mm ID × 25 cm) at a flow rate of 1.0 ml/min. The solvent system consisted of 
0.1% TFA/H2O (A) and MeCN (B) as follows: 0-5 min, 0-20% B (v/v); 5-15 min, 20-30% 
B; and 15-25 min, 30-100% B. 
At the end of the run, the column was flushed with 100% MeCN for 10 min, and the 
column was equilibrated with the starting eluent for an additional 10 min of post-run time. 
The UV detector was operated at 238 nm, and the column temperature was ambient. Figure 
IV-1 shows the chromatogram, and Table IV-1 lists the compounds that were identified in 
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Figure IV-1.  HPLC chromatogram of F. excelsior seed extract (FraxiPure™). The peaks were assigned 
based on the isolation of each compound, and the structure of the compound was determined by NMR 
and MS. (1) Salidroside, (2) Oleoside-11-methylester, (3) Nuzhenide, (4) 1′′′-O-β-D-glucosylformoside, 
(5) Excelside B, (6) Gl3, and (7) Gl5. Peaks of other identified secoiridoid glucosides, present in only 
trace amounts, are not shown: (8) Excelside A, (9) Ligstroside, and (10) Oleoside dimethyl ester (see 
Table IV-1). 
 
3. Animals and diets 
Male C57BL/6J mice (aged 5 weeks) were purchased from Jackson Laboratories (Bar 
Harbor, ME, USA). Fifty mice were randomly assigned to 1 of 3 groups: 
- Negative control group on a low-fat diet (LFD) (10% of energy from fat) (n=20); 
- Control group on a high-fat diet (HFD) (60% of energy from fat) (n=20); 
- High-fat diet, containing 0.5% FraxiPure™ (FED) (60% of energy from fat) 
(n=10). 
Diets of equally sized pellets were prepared by Research Diets Inc. (New Brunswick, 
NJ, USA). The mice were housed at room temperature on a 12-h light/12-h dark cycle. 
Animals subsisted on the experimental diets for 16 weeks with free access to their 
respective chow and water. Average food and fluid intake and body weight were measured. 
The entire study was performed in accordance with in ernational guidelines regarding 
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4. Tissue harvesting 
Mice were food-deprived for 8 h and sacrificed by CO2 inhalation after 16 weeks of 
treatment. Whole blood was obtained by cardiac puncture. Liver, omental fat, and 
retroperitoneal fat were harvested, rinsed, and weighed. Plasma was isolated by 
centrifugation at 700 × g for 15 min. A liver was considered fatty, based on altered 
coloration; the percentage of fatty livers was recoded in each group. All samples were 
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5. Fasting blood glucose 
Fasting blood glucose was measured at 0, 5, 8, 10, 12, 14, and 16 weeks of treatment. 
Food was removed 8 h prior to the blood glucose measur ments, and the cage bedding was 
changed to minimize the interference from coprophagy. Blood was collected from the tail 
vein, and glucose levels were measured with a One Touch® Ultra® 2 glucose monitor 
(LifeScan Inc., Milpitas, CA, USA). 
 
6. Biochemical analysis of plasma samples 
Fasting plasma insulin levels and plasma alanine transaminase (ALT) levels were 
measured at Week 16 of the treatment after sacrifice. Insulin levels were measured by 
ELISA (Millipore, Billerica, MA, USA), per the manufacturer's protocol. ALT levels were 
measured spectrophotometrically with a commercial kit (Catachem Inc., Bridgeport, CT, 
USA). 
 
7. Statistical analysis 
Results are reported as the mean ± standard error to the mean (SEM). Statistical 
differences between HFD and FED mice compared with LFD animals were determined by 
one-way ANOVA with Tukey’s post hoc test (GraphPad software, San Diego, CA, USA). 
 
Results 
All animals tolerated their respective diets; no adverse effects were observed, the 
animals behaved normally, and similar average food an  water intake was reported for the 
three groups (data not shown). The FraxiPure™ diet improved physiological and 
biochemical parameters in mice — i.e., body weight, fa  gain in various organs, fasting 
glucose, and insulin — compared with HFD control animals and the LFD negative control 
group, the morbid and healthy references, respectively. In addition, FraxiPure™ prevented 
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1. Changes in body weight, omental fat, and retrope ritoneal fat gain 
Body weight gain was monitored weekly for 16 weeks in all groups (Figure IV-2A). 
LFD animals grew steadily, plateauing at Week 9 (27.29±0.53 g). In contrast, HFD mice 
grew regularly throughout the entire study (16 weeks), outpacing LFD animals from Week 
3 (25.26±0.49 g vs 23.00±0.42 g - p<0.05) through Week 16 (42.25±1.03 g vs. 28.84±0.64 - 
p<0.05). 
 
Figure IV-2.  (A) Changes in body weight in high-fat diet (HFD), low-fat diet (LFD), and high-fat diet + 
0.5% FraxiPure™ (FED) animals over 16 weeks. (B) Changes in omental fat in HFD, LFD, and FED 
mice. (C) Changes in retroperitoneal fat in HFD, LFD, and FED mice. Values are mean ± SEM for LFD 
and HFD (n=20) and FED (n=10). Significance is indicated as (*) at p<0.05, (**) p<0.001, and (***) 
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Fat status was monitored with regard to the omental fat (Figure IV-2B) and 
retroperineal fat (Figure IV-2C) that were harvested from the three groups at the end of the 
study. In the LFD group, the omental fat and retrope ineal fat weighed 0.57±0.07 g and 
0.16±0.03 g, respectively, after 16 weeks. In the HFD group, omental and retroperineal fat 
rose 304% (2.30±0.15 g vs 0.57±0.07 g - p<0.001) and 286% (0.61±0.13 g vs. 0.16±0.08 g 
- p<0.001), respectively, compared with LFD animals. 
In FED-treated animals, fat in the omental and retrope ineal muscles gained 17.92% 
(1.99±0.23 g vs. 2.30±0.15 g) and 17.78% (0.53±0.06 g vs. 0.61±0.13 g) less weight, 
respectively, compared with HFD mice at the end of the study. These results, however, 
were not statistically significant. 
 
2. Changes in fasting blood glucose and fasting pla sma insulin 
Fasting blood glucose levels were recorded throughot the entire experiment, as 
reported in Figure IV-3A. Figure IV-3B shows the levels of fasting plasma insulin at the 
end of the study, Week 16. 
Animals in the LFD group had normal glycemia levels during the 16-week treatment 
(120.15±5.16 mg/dl at Week 0, and 100.20±5.33 mg/dl at Week 16). In contrast, HFD 
animals increased fasting blood glucose levels progressively from the beginning of the 
study (122.15±3.90 mg/dl) until Week 16 (176.85±7.43 mg/dl). 
In the FED-treated group, fasting blood glucose rose 76.52% less (118.20±9.09 md/dl - 
p<0.001) compared with HFD mice at the end of the study. Moreover, at Week 16, 
FraxiPure™ reduced fasting plasma insulin levels by 53.43% in the FED-treated group 







  89 
 
Figure IV-3.  (A) Changes in fasting blood glucose levels in high-fat diet (HFD), low fat-diet (LFD), and 
high-fat diet + 0.5% FraxiPure™ (FED) animals during the 16-week study. (B) Changes in fasting 
plasma insulin levels in HFD, LFD, and FED mice. Values are mean ± SEM for LFD and HFD (n=20) 
and FED (n=10). Significance is indicated as (*) at p<0.05 and (**) p<0.001 compared with the HFD 
control group, using the LFD negative control group as the common reference. 
 
3. Changes in liver weight, incidence of fatty live r, and plasma ALT levels 
After 16 weeks of treatment, the average liver weight (Figure IV-4A) reached 
0.96±0.05 g in the LFD group and increased 40.43% more in the HFD group (1.35±0.09 g - 
p<0.05). In the FED-treated group, the average liver w ight increased 63.62% less 
compared with HFD animals (1.10±0.03 g - p<0.05). 
Fatty livers (Figure IV-4B) developed in 1 of the 20 mice in the LFD group at Week 16. 
This rate was 300% higher in the HFD group (4 of 20) and 66.67% lower in the FED-
treated group (1 of 10) compared with HFD animals. 
In addition, plasma ALT levels (Figure IV-4C) in LFD animals were 22.64±3.54 U/L at 
the end of the study, increasing 236% in the HFD group (76.20±9.06 U/L - p<0.0001). FED 
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Figure IV-4.  (A) Changes in liver weight in high-fat diet (HFD), low-fat diet (LFD), and high-fat diet + 
0.5% FraxiPure™ (FED) animals after the 16-week study. (B) Changes in fatty liver rates in HFD, LFD, 
and FED mice. (C) Changes in fatty plasmatic ALT levels in HFD, LFD, and FED mice. Values are 
mean ± SEM for LFD and HFD (n=20) and FED (n=10). Values are mean ± SME for HFD and LFD 
(n=20) and FED (n=10). Significance is indicated as (*) at p<0.05 compared with the HFD control group. 
 
Discussion 
Many naturally occurring phytonutrients have beneficial effects on health (Steffen, 
2009). In addition, several phytonutrients have received positive attention, based on their 
relative safety and the accumulation of evidence of their antiobesity and antihyperglycemia 
effects in animals and humans; these properties exist in specific flavonoids (Hwang et al., 
2005), chlorogenic acid from green coffee bean (Dellalibera et al., 2006), and carnosic acid 
in rosemary (Takahashi et al., 2009) and have recently been proposed for secoiridoids from 
F. excelsior (Bai et al. 2010). 
Our results demonstrate the substantial physiological and biochemical health benefits of 
a F. excelsior seed extract in obese mice that are fed a high-fat diet. 
The differential weight gain patterns that we observed, despite similar average daily 
intake throughout the study, confirmed the validity of our calorie-controlled obese mouse 
model. Although HFD mice grew steadily throughout the study, doubling in weight, the 
low-calorie diet in the LFD group significantly lowered gains in weight after Week 3. Mice 
that were supplemented with FraxiPure™ in the FED group grew similarly to HFD 
animals; at Week 9, FED began to experience significant reductions in weight gain, like 
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These results complement work by Maghrani and colleagu s (2004), who reported that 
administration of F. excelsior seed extract for 2 weeks (20 mg/Kg) reduced body weight in 
streptozotocin-induced diabetic rats but not in normal animals. Similarly, the HFD group 
experienced increases in adipose tissue weight compared with LFD animals over 16 weeks, 
while FED mice did not gain as much fat, based on omental fat, retroperitoneal fat, liver 
weight, and, consequently, the incidence of fatty livers, trending toward the lower levels 
that were observed in LFD animals. 
We demonstrated recently that secoiridoid glucosides from F. excelsior seeds dose-
dependently activate PPARα in vitro and inhibit preadipocyte differentiation in the 3T3-L1 
cell model (Bai et al., 2010). PPARα, a transcription factor that regulates energy 
homeostasis (Van Raalte et al., 2004), is highly expr ssed in liver, heart, muscle, and 
kidney, where it controls fatty acid uptake and β-oxidation (Sonoda et al., 1998; Staels and 
Fruchart, 2005) by modifying the expression of specific genes, such as acyl-CoA 
synthetase and fatty acid transport proteins (Schoonjans et al., 1995; Reddy and Hashimoto, 
2001). PPARα also increases the expression of lipoprotein lipase (LPL) and downregulates 
apo-C-III, an inhibitor of LPL (Staels et al., 1998). 
Additionally, PPARα ligands are used widely to lower serum triglycerids and increase 
high-density lipoprotein cholesterol in patients with obesity, dyslipidemia, atherosclerosis, 
and coronary heart disease (Staels and Fruchart, 2005). In our study, the decrease in fat 
levels in FED animals, correlating with evidence that secoiridoid glucosides from F. 
excelsior seed extracts activate PPARα and inhibit preadipocyte differentiation (Bai et al., 
2010), demonstrates that FraxiPure™, due specifically to secoiridoid glucosides, has 
antiobesity effects in vivo, likely by lowering the rate of adipocyte differentiation in 
growing animals and enhancing fat catabolism. 
In addition to these observations, with regard to weight management, if we assume that 
obesity is associated with increased insulin resistance (Kruszynska and Olefsky, 1996), it 
becomes easier to understand how obesity contributes to reduced glucose uptake by muscle 
and liver cells (McGarry, 1992). Consequently, loca glucose storage (as glycogen) 
decreases, effecting triacylglycerol accumulation in adipocytes and liver cells and resulting 
in steatosis through the esterification of free fatty cids that are supplied primarily from the 
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phenomenon is the development of type 2 diabetes (Leahy, 2005), wherein insulin 
resistance is considered to be significantly worse than for nonobese diabetics (Seely and 
Olefsky, 1993). 
A corollary to this model can be proffered from our observations. Although significant 
increases in fasting blood glucose and fasting plasma insulin levels were observed after 16 
weeks in obese HFD animals compared with baseline values, despite their high-fat diet: (1) 
fasting blood glucose in the FED group did not differ significantly from the beginning of 
the study, when the mice were still healthy; and (2) fasting insulin levels in FED mice 
decreased significantly to those of LFD animals. These observations demonstrate that 
FraxiPure™ has antihyperglycemia activity that is accompanied by improvements in 
insulin levels in FED mice, precluding the negative outcomes of obesity with regard to 
fasting glucose and insulin levels in HFD animals (Jeffcoat, 2007). As a chief consequence, 
the mechanisms of fat accumulation in adipocytes of FED animals are impaired and insulin 
resistance is improved. 
These results also support previous findings of anim l studies by Eddouks and 
Maghrani (2004) and Maghrani et al. (2004), who observed that acute intravenous 
administration of 10 mg/kg/h F. excelsior seed extract reduced blood glucose levels in 
normal rats for 4 h and in streptozotozin-induced diabetic rats after chronic oral 
consumption of 20 mg/kg/day for 14 days. 
These results were galvanized when we observed a significant decrease in postprandial 
glycemia with humans who were administrated FraxiPure™ acutely (Visen et al., 2009). 
Moreover, Eddouks and Maghrani, Maghrani et al., and our group failed to note any 
increase in plasma insulin. Thus, the antihyperglycemia activity of F. excelsior seed 
extracts has been proposed to be caused by extrapanc eatic phenomena - a hypothesis that 
we discussed with regard to our findings on PPARα activation (Bai et al., 2010).  
To promptly evaluate liver safety, we implemented an evidence-based liver safety 
system, supported by changes in liver weight, fat accumulation (expressed as the rate of 
steatosis), and the release of ALT in plasma. 
The upper limit of toxicity in this study, as monitored by steatosis rate and ALT release 
in the plasma, was established with data on animals in the HFD group. Compared with 
these results, mice that were fed a high-fat diet and administered FraxiPure™ for 16 weeks 
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release in plasma. These findings indicate that 0.5% FraxiPure™ does not induce any side 
effects in mice, as monitored principally by liver physiology and biochemistry. Moreover, 
FraxiPure™ improved the healthy status of obese mice that were affected by a 16-week 
high-fat diet (the FED group). 
In conclusion, this study confirms the capacity of F. excelsior to control body weight 
and supports the existing evidence of its antihyperglycemic effects and ability to improve 
resistance to insulin. The positive effects on weight and blood glucose might be attributed 
to the secoiridoids in FraxiPure™, likely through te enhancement of fat metabolism 
through β-oxidation, the inhibition of adipocyte differentiation during animal growth, and 
limited fat accumulation. 
Finally, our results suggest that this botanical extract is effective, safe, and well 
tolerated for long periods in obese mice that are fed a high-fat diet. 
We propose that secoiridoids constitute an active component in F. excelsior seeds, 
limiting weight gains and hyperglycemia through PPARα activation in vivo. To this end, 
our results encourage further study on the bioavailbility of secoiridoids in FraxiPure™ and 
their mechanisms of regulation i  vivo. 
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Abstract 
Aim of the Study: Fraxinus excelsior L. (Family: Oleaceae) seeds are consumed as a 
food, condiment, and folk medicine. The seeds are traditionally used as a potent 
hypoglycemic agent, but no clinical evidence exists in this regard. We assessed the clinical 
efficacy and safety of the seed extract (FraxiPureTM, Naturex), containing 6.8% of 
nuzhenide and 5.8% of GI3 (w/w), on plasma glucose and insulin levels against glucose (50 
g) induced postprandial glycemia. 
Materials and methods: Preselected dose (1.0 g) was used in a double blind, 
randomized, crossover, placebo (wheat bran) controlled study on 16 healthy volunteers. 
Each treatment was given immediately after a fasting blood glucose sample (0 min). 
Postprandial plasma glucose levels were estimated at 0, 15, 30, 45, 60, 90 and 120 min; and 
postprandial plasma insulin at 0, 30, 60, 90 and 120 min. 
Results: The extract lowered the incremental postprandial plasma glucose concentration 
as compared to placebo at 45 min (P=0.06) and 120 min (P=0.07). It statistically (P=0.02) 
reduced the glycemic area under the blood glucose curve. The seed, also, induced a 
significant (P=0.002) secretion of insulin at 90 min after glucose administration. However, 
the insulinemic area under the blood insulin curve was not different than the placebo. No 
adverse events were reported. 
Conclusions: Our findings confirm the hypoglycemic action of Fraxinus excelsior L. 
seed extract. These promising results, thus, encourage conducting long term clinical studies 
to evaluate the efficacy and safety of Fraxinus excelsior L. seed extract in healthy and 
diabetic volunteers and also to explore the possible mechanism(s) of action. 
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Introduction 
Plant derivatives with purported hypoglycemic properties have been used in folk 
medicine and traditional healing systems around the world (e.g., Native American, Indian, 
Jewish, Chinese, East Indian, Mexican) (Ungar et al., 1957;Yeh et al., 2003). But on the 
other hand, as indicated by Marles and Farnsworth, 1995, not all of the plants, based on 
anecdotal use, reported to be entirely safe, and they emphasize the need for carefully 
planned scientific research to identify those hypoglycemic plants with true therapeutic 
efficacy and safety. To provide evidence-based herbal medicine, we must standardize 
suitable clinical models and utilize randomized contr lled trials (RCTs) to determine what 
herbs are efficacious for what diseases and standardized them according to their health use. 
In this pursuit, the present study, utilizing our well standardized acute clinical model, 
was undertaken with the common ash, Fraxinus excelsior L. (Family: Oleaceae).  It grows 
naturally in Europe, North Africa, and Asia from the shores of the Atlantic Ocean in the 
West to the Volga River in the East (Pliûra and Heuertz, 2003;Eddouks et al., 2005). 
Several reports reveal that the seeds of Fraxinus excelsior L. have been traditionally used 
as food, condiment, and folk medicine (Hedrick, 1919;Kunkel, 1984;Boisvert, 2003). The 
ash tree is known in Morocco as “Lissan Ettir”, and its seeds as “L’ssane l’ousfour”, one of 
the ingredients of the condiment “Ras el Hanout” used to prepare the famous tagines and 
other typical Moroccan plates (Sinclair, 1998;Vergne, 2001;Allen, 2007). In The 
Netherlands, there is evidence of the use of ash seeds since the medieval 16th century 
(Vermeeren and Gumbert, 2008). In Iran, the ash seeds are employed as carminative and to 
destroy bladder stones (Parsa, 1959). Also, in Morocco the aqueous extract of the ash seeds 
is drunk in order to enhance several health conditions (Eddouks and Maghrani, 2004). This 
plant has been reported to have anti-oxidative (Meyer et al., 1995;Schempp et al., 
2000;Middleton et al., 2005), anti-inflammatory (el-Ghazaly et al., 1992;von Kruedener et 
al., 1996), anti-rheumatic (von Kruedener et al., 1995;Gundermann and Muller, 2007), 
analgesic (Okpanyi et al., 1989), and antipyretic (Strehl et al., 1995) properties. The seeds 
of Fraxinus excelsior L. were recognized as potent hypoglycemic agents by several 
traditional healers using it for type 1 and type 2 diabetes mellitus (Eddouks et al., 2005). 
Eddouks and Maghrani (2004) and Maghrani et al. (2004) experimented on animals and 
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controlling streptozotocin (STZ) induced hyperglycemia, but no clinical evidence and 
scientific validation exist in this regard. 
Therefore, in the current acute clinical study, for the first time an attempt has been made 
to confirm our hypothesis that Fraxinus excelsior L. seed extract will reduce postprandial 
glycemia in non-diabetic healthy individuals following glucose (50 g) intake. In order to 
determine the underlying mechanism, the serum insulin concentrations were also 
determined. We are thus; presenting the preliminary d ta on the acute clinical effect of the 
aqueous extract of the seeds of Fraxinus excelsior L. on healthy subjects against glucose 
induced postprandial glycemia. 
 
Material and Methods 
1. Fraxinus excelsior L. seed extract 
1.1. Raw material 
The seeds of Fraxinus excelsior L. were collected from many rural communities in 
Morocco and deposited at the herbarium (voucher specimen # J02/02/A7; reference # 
RB3524) of Naturex Maroc, Technopole Nouasser BP 42, Casablanca 20240, Morocco. 
First the samaras were harvested from the trees in the Atlas Mountains, and then the seeds 
were separated manually at home, a traditional practice in that region. After the collection, 
the seeds were analyzed in order to confirm their botanical origin.  Analyses included 
macroscopic, microscopic and High Pressure Thin Layer Chromatography (HPTLC, 
CAMAG, Switzerland) techniques. These analyses were conducted by Mr. Elan Sudberg 
from Alkemists Pharmaceuticals, Inc. (Costa Mesa, CA, USA) using authenticated 
Fraxinus excelsior L. seeds as a control. The sample used in our experiment corresponded 
to the seeds of Fraxinus excelsior L. 
 
1.2. Extract preparation 
Fraxinus excelsior L. seed extract was obtained by an industrial process (FraxiPure™, 
batch # 347/53/A7; reference # 149251, Naturex SA, ite d’Agroparc BP 1218, 84911 
Avignon Cedex 9, France) according to the traditional method used in Morocco (Eddouks 
and Maghrani, 2004;Maghrani et al., 2004;Eddouks et al., 2005). First the seeds were 
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(Fraxinus excelsior L. seeds: solvent) was fixed, using only water as a olvent. After 
filtration, the clarified solution was concentrated under vacuum at 40 °C which was then 
mixed with Arabic gum and silicon dioxide as carriers and spry dried to obtain a fine 
powder. Moisture content in the extract was less than 8%. The extract ratio was 
approximately 6:1 (Fraxinus excelsior L. seeds: extract powder), yielding 16.67% of dry 
Fraxinus excelsior L. seed extract. 
 
1.3. Chemical identification 
The molecular weight of nuzhenide (β-D-Glucopyranoside, 2-(4-hydroxyphenyl)ethyl, 
6-[(2S,3E,4S)-3-ethylidene-2-(β-D-glucopyranosyloxy)-3,4-dihydro-5-(methoxycarbonyl)-
2H-pyran-4-acetate]) and GI3 (2H-Pyran-4-acetic acid, 3-ethylidene-2-(β-D-
glucopyranosyloxy)-3,4-dihydro-5-(methoxycarbonyl)-, 4-[2-[[6-O-[[3-ethylidene-2-(β-D-
glucopyranosyloxy)-3,4-dihydro-5-(methoxycarbonyl)-2H-pyran-4-yl]acetyl]-β-D-
glucopyranosyl]oxy]ethyl]phenyl ester, stereoisomer (9CI)), the main secoiridoids being 
standardized in Fraxinus excelsior L. seed extract, were identified by HPLC-MS and the
chemical structures were determined by comparison of NMR data to those in literature 
(LaLonde et al., 1976). Figure V-1 shows the chromat gram of the extract and the chemical 
structure of the two compounds. An HPLC method was developed for the quantification of 
the secoiridoid contents. The HPLC system used was an Agilent 1100 (Palo Alto, CA, 
USA) equipped with a diode array detector. The station ry phase was a Prodigy ODS3 
analytical column (250 x 4.6 mm i.d, 5µm, Phenomenex, Torrance, CA, USA) 
thermostated at 30 °C. The flow rate was 1 ml/min, and the elution was monitored at 238 
nm. The mobile phases were (A) water with 0.1% TFA and (B) acetonitrile. The solution of 
80% A and 20% B was maintained for 5 min and then changed to 70% A and 30% B after 
15 min total time; followed by a linear gradient of100% B after 25 min total time, 
maintaining this composition for 10 min; the system was then reequilibrated to the initial 
composition after 10 min. Peaks of nuzhenide and GI3 appeared at approximately 13 and 
18 min, respectively. The Fraxinus excelsior L. seed extract used in this clinical trial 
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Figure V-1.  (A) Chromatogram of Fraxinus excelsior L seed extract, (B) Nuzhenide and (C) GI3. 
 
2. Clinical trial 
2.1. Test material 
The dose of Fraxinus excelsior L. seed extract in our acute clinical study was 1.0 g 
(powdered extract filled in two capsules of 500 mg each). 
 
2.2. Placebo 
Wheat bran (Certified Hard Red Wheat Bran; lot 195) served as placebo which was also 
administered at the dose of 1.0 g for comparison. It is certified by American Association of 
Cereal Chemists (AACC). The main composition of wheat bran consists of protein-16.05% 
(Nx6.31), fat- 4.34% (as triglycerides, total), total dietary fiber- 49.65%, carbohydrates- 
65.75%, starch- 13.3% (Modified Ewers method), besides vitamin B1, B6 , B12, magnesium, 
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improve blood glucose control or risk factors for cronary heart disease (CHD) in type 2 
diabetes over 3 months (Jenkins et al., 2002). 
 
3. Study design 
The study was randomized, double blind, placebo-controlled and crossover designed. 
By this design subjects act as their own controls. Only the “blinder”, an independent 
clinical research scientist, knew the identity of the treatments who performed and 
maintained the “blinding” of packages, labels, and randomization of the treatments while 
not having contact with individuals or data. Randomization was done using a random 
number table. Monitoring of all individual records, data sheets, sample handling, laboratory 
sample storage, and sample inventory for completeness and adherence to the protocol was 
conducted by the study monitor. 
The trial was carried out at Kumar Clinic and Diabetes Care Centre, Lucknow, India. 
All the healthy subjects were recruited at this Centre. 
 
3.1. Inclusion criteria 
− Subjects were males or non-pregnant females aged 18-55 years, recruited from India. 
− Given written consent to participate in the study. 
− Healthy, fasting plasma glucose range: 4.0-5.5 mmol/l. 
− BMI 25-28 kg/m2. 
 
3.2. Exclusion criteria 
− Diabetes. 
− Hypertension. 
− Any medication which might, in the opinion of investigator, be dangerous to the subject 
or will affect the results. 
− Smokers. 
− Heavy alcohol abuse. 
− Renal, hepatic or inflammatory bowel disease, anemia or CVD. 
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− Subjects who cannot comply with the experimental procedures or do not follow safety 
guidelines. 
− Women with anticipated pregnancy/pregnant/lactation. 
− Use of any microsomal enzyme inhibiting/inducing drugs within 30 days and/or 
systemic medication including .OTC operation 14 days prior to day 1 of the study. 
− Participation of any clinical trial within 6 weeks preceding day 1 of the study. 
 
3.3. Participant characteristics and study flow 
Prior to commencement of the study, the participants were invited to come to the 
Kumar Clinic and Diabetic Care Centre, Lucknow (India). They were then briefed with 
objective and procedures of the study in simple communicable language. All the volunteers 
were screened for inclusion/exclusion criteria and asked to understand and sign the 
informed consent form at each visit. During the screening session, they underwent multiple 
measurements such as blood pressure, height and weight. None of the participants reported 
use of natural health products or supplements with potential effects on glycemia with 3 
weeks prior to the screening visit. 
Sixteen healthy individuals (11 male; 5 female of Indian origin, age range: 20-55 y, 
BMI: 26±2.2 kg/ m2; fasting blood glucose: 4.4±0.09 mmol/L) completed the study. 
The test substance (Fraxinus excelsior L. seed extract, 1.0 g) or the placebo (wheat bran, 
1.0 g) was administered orally on two separate occasions, with a gap of one week (washout 
period), in the form of two capsules (each having 500 mg) as a single dose prior to the glucose 
challenge (50 g in 100 ml) for evaluation of glycemic response. The placebo matched with the 
test substance in all aspects except for active constituents for the purpose of blinding. Each of 
the 16 healthy subjects underwent randomization for each of the investigated treatment and all 
of their data were included in final analysis. 
At each study visit, 10-12 overnight fasted volunteers first had their blood pressure, 
weight and height measured and subsequently rested in the seated position. Thereafter, 
individuals filled out forms detailing their pharmacological regimen including their 
previous visit and their diet (dinner) and activity (sleep, urination, morning routine) 
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3.4. Compliance and symptoms 
The participants were asked to maintain their usual carbohydrate intake which excludes 
dieting or restricting intake and to maintain a consta t level of physical activity and lifestyle 
patterns throughout the course of the study and avoid strenuous exercise the day before and the 
morning of the test. Moreover, they were advised to refrain from taking any herbal 
supplements or medicines. Volunteers were asked to have a simple diet 3 days prior to the test 
substance administration accompanied by 10-12 h of fasting before coming to the clinic 
between 7:30 and 10:30 am. The standardized amount of water and time for treatment 
consumption were strictly observed by all participants. 
 
3.5. Methodology 
The methods and treatment protocol for the present study have been well established for 
acute clinical screening at our Risk Factor Modification Centre (RFMC), St. Michael’s 
Hospital, Toronto, Canada (Vuksan et al., 2000;Vuksan et al., 2001;Vuksan et al., 
2008;Sievenpiper et al., 2003;Sievenpiper et al., 2004;Sievenpiper et al., 2006).  
The consent form, questionnaires along with corresponding protocol were approved by 
Institutional Human Ethical Committee (IEC) of Kumar Clinic and Diabetes Care Centre 
vide letter # LNC/FR/2008/19; dated February 15, 2008 following the guidelines of the 
Declaration of Helsinki and Tokyo for humans and AYUSH, Government of India. 
 
3.5.1. Estimation of blood glucose level.  
During the study, finger- prick blood samples were obtained at 0, 15, 30, 45, 60, 90 and 
120 minutes. The test extract/placebo was given immediately with 100 ml of water, after 
taking out the fasting blood sample at 0 min. This was followed by the ingestion of a 
glucose (D-glucose; Qualigens Co., Glaxo India) drink (50 g in 100 ml). At this moment 
the timer was started. This was asked to consume within 5-8 min. Additional finger-prick 
blood samples were taken at 15, 30, 45, 60, 90 and 120 min after the start of glucose drink. 
Glucose concentrations were determined in the capillary whole blood using Bayer’s 
glucometer using Essentia glucotrip. The portable blood glucose monitor measures the 
glucose concentration in whole blood using a glucose dehydrogenase method based on 
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2005). This blood glucose monitor correlated well with our standard laboratory glucose 
analyzer (YSI 2300 Stat Plus, Yellow Springs Instruments, Yellow Springs, OH) used 
routinely at RFMC, St. Michael’s Hospital, Canada. During the 2 h of the testing session, 
subjects remained seated, did not smoke, eat or drink. After the end of study, they were 
asked to fill up post test questionnaire. The entir time spent in the clinic was 
approximately 2.5 hours. Thereafter, they were offered a snack and then allowed to leave. 
 
3.5.2. Estimation of serum insulin level.  
Venous blood samples (7-8 ml) were collected at 0, 30, 60, 90 and 120 min in test 
extract/placebo treated healthy subjects in serum separator tubes. The blood was allowed 
15 min to clot, and then was centrifuged at 1500 × g for 10 min. The resulting serum was 
then analyzed for insulin using an electrochemiluminescence immunoassay (ECLIA) at the 
prestigious analytical unit of Ranbaxy at Mumbai, India. The inter-assay CV was between 
1.5- 2.0 %. 
 
Statistical analysis 
The positive incremental area under the curve (i-AUC) for both placebo and Fraxinus 
excelsior L. seed extract treated groups were calculated for glycemic and insulinemic 
concentrations at different time intervals, ignoring areas below the initial value at time zero 
(Wolever et al., 1991). Significant differences betw en groups were calculated using a two-
tailed paired Student’s t test. Analyses were performed using XLSTAT 2008 software 
(AddinsoftTM, USA). Statistical significance was set at P< 0.05. All data are reported as 
mean ± SEM. 
 
Results 
1. Blood glucose level 
The graphic, from pair-wise comparison, of incremental glycemia showed a decrease in 
postprandial glucose levels by Fraxinus excelsior L. seed extract, during the length of 
experiment from 15 (2.0±0.28 mmol/l vs. 1.7±0.21 mmol/l), 30 (4.1±0.31 mmol/l vs 
3.8±0.33 mmol/l), 45 (4.2±0.41 mmol/l vs. 3.8±0.47 mmol/l), 60 (3.5±0.46 mmol/l vs. 
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0.21±0.28 mmol/l) min as compared to matched wheat br n placebo (Figure V-2A). The 
extract almost reached statistical difference at 45 min (P=0.06) and 120 min (P=0.07). 
Paired Student’s t test indicated that differences (299.8±28.9 min mmol/l vs 273.3±25.3 
min mmol/l) in the effect of treatment (Fraxinus excelsior L. seed extract vs. placebo) on 
mean glycemic area under the curve (AUC) were statistically significant (P=0.02). The 
results are presented in Figure V-2B. 
 
 
Figure V-2.  Comparison between Fraxinus excelsior L seed extract (1.0 g) and matched wheat bran 
placebo (1.0 g) on glycemia in healthy volunteers administrated with 50 g of glucose. (A) Incremental 
glycemia at individual time points. (B) Glycemic area under the curve (AUC). Values are mean ± SEM. 
*P=0.02, Student’s t test (n=16). 
 
2. Insulin level 
Fraxinus excelsior L. seed extract (55.5±4.6 mU/l) induced a significant (P=0.002) 
secretion of insulin at 90 min compared to placebo (43.5±5.0 mU/l) (Figure V-3A). No 
significant difference was noticed in the mean insuli emic AUC (0-120 min), in Fraxinus 
excelsior L. seed extract treated group (6,041.6±340.5 min mU/l) compared to placebo 
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Figure V-3.  Comparison between Fraxinus excelsior L seed extract (1.0 g) and matched wheat bran 
placebo (1.0 g) on insulin levels in healthy volunteers administrated with 50 g of glucose. (A) 
Incremental insulinemia at individual time points. (B) Insulinemic area under the curve (AUC). Values 
are mean ± SEM. **P=0.002, Student’s t test (n=16). 
 
Discussion 
In the present preliminary acute study with Fraxinus excelsior L. seeds, we have tested 
the aqueous extract in healthy subjects against glucose (50 g) induced postprandial 
hyperglycemia to know its efficacy and safety. A regular decreasing trend of postprandial 
glycemia was observed with Fraxinus excelsior L. seed extract (1.0 g) which almost 
reached statistical difference at 45 min (P=0.06) and 120 min (P=0.07) compared to 
placebo (wheat bran). This finding, thus, validates the hypoglycemic activity in normal 
animal studies observed by Eddouks and Maghrani (2004), and Maghrani et al. (2004). 
The healthy volunteers were taken in order to avoid potential interaction with anti-
diabetic and other medications. Further, the acute approach also eliminates possible 
concerns regarding the untested safety of the extract. In our investigation, no adverse event 
or reaction was observed in the healthy volunteers at least for the dose and duration used. 
However, the effect should nevertheless, be confirmed in long term trial in healthy as well 
as diabetic patients. The animal studies are also indicative for such clinical study with 
Fraxinus excelsior L. seed extract where more activity was observed in diabetic rats 
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In this study, we found that the main compounds in Fraxinus excelsior L. seed extract 
are the secoiridoid glycoside nuzhenide (6.8%) and the dimeric secoiridoid glycoside GI3 
(5.8%) (Figure V-1), which may be responsible for efficacy. Similar secoiridoid glycosides 
such as oleuropein, ligstroside, and excelsioside and GI5 - a molecule similar to GI3 - have 
also been isolated from Fraxinus excelsior L. leaves (Jensen and Nielsen, 1976;Damtoft et 
al., 1992;Egan et al., 2004). All these secoiridoids glycosides have been reported for 
hypoglycemic (Gonzalez et al., 1992;Al-Azzawie and Alhamdani, 2006) and anti-diabetic 
(Ahmed et al., 2003;Somova et al., 2003) properties. 
The incremental glycemic curve for Fraxinus excelsior L. seed extract shows two 
different phases compared to the placebo (Figure V-2A). The first phase takes place during 
the initial 60 min of the experiment. During the first 15 min there is a slight reduction of 
glycemia in the Fraxinus excelsior L. seed extract group, this difference is more evid nt at 
30 min, and almost reaches statistical difference at 45 min (P=0.06). The two groups have 
similar glycemic values at 60 min. The second phase t k s place during the last hour of the 
experiment. At 90 min there is a slight reduction in glycemia in the Fraxinus excelsior L. 
seed extract group compared to the placebo, which almost reach statistical difference at 120 
min (P=0.07). These two phases may underlay different mechanisms of action of Fraxinus 
excelsior L. seed extract in reducing postprandial glycemia. 
A possible explanation for the first phase is that Fraxinus excelsior L. seed extract 
partially inhibits the absorption of glucose by blocking its uptake in the intestine. The 
partial inhibition of glucose uptake by other secondary metabolites of plants already have 
been reported for glycoside flavonoids (Johnston et al., 2005;Kottra and Daniel, 
2007;Kwon et al., 2007). Flavonoids reduce the intestinal glucose absorption by limited 
inhibition of sodium-dependent co-transporter SGLT1 in the brush border membrane 
(Welsch et al., 1989;Kottra and Daniel, 2007) and the sodium-independent glucose 
transporter GLUT2 in the basolateral membrane (Kwon et al., 2007). In flavonoids, this 
inhibition is enhanced in the presence of glycosides (Johnston et al., 2005; Kottra and 
Daniel, 2007). Therefore, the reduction in glycemia during the first phase might be caused 
by the glycoside secoiridoids present in Fraxinus excelsior L. seed extract by blocking the 
intestinal glucose transporters. However, more research is needed in order to confirm this 
hypothesis. Other mechanisms can also be involved in the reduction of postprandial 
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some glycoside secoiridoids lowers the hypoglycemic activity by reducing the peripheral 
uptake of glucose (Gonzalez et al., 1992). 
Regarding the second phase, our preliminary mechanistic trial suggests that the 
postprandial hypoglycemic effect may be due to increased insulin secretion, compensated 
for the reduced release in the time period. Normal insulin secretion is biphasic, with an 
early burst of insulin release within the first 10 min, followed by a progressively phase of 
insulin secretion that persists as long as the hyperglycemic state is present. As the first 60 
min of oral glucose challenge is considered to be the representative of the early phase of 
insulin secretion (Vuksan et al., 2001), our data suggest that Fraxinus excelsior L. seed 
extract may be able to increase this phase, the loss of which is a primary defect in type 2 
diabetes. We observed a significant (P=0.002) increase in the insulin level at 90 min by 
Fraxinus excelsior L. seed extract at the dose of 1.0 g, after glucose administration 
compared to the placebo (Figure V-3), from where we saw a decline in postprandial plasma 
glucose level. Our study, thus, also offers stronger support for post-absorptive effects (60-
120 min of the oral glucose challenges) such as enhancement of insulin secretion (Vuksan 
et al., 2001). This might be caused by the action of the secoiridoids glycosides present in 
the Fraxinus excelsior L. seed extract. Compounds from the secoiridoid family have proven 
to stimulate glucose induced insulin secretion (Gonzalez et al., 1992;Al-Azzawie and 
Alhamdani, 2006;Zhang et al., 2006) and improve the insulin resistance (Somova et al., 
2003). In order to exert insulin secretion, compounds found in Fraxinus excelsior L. seed 
extract or its metabolites must be bioavailable. There is no evidence in literature on the 
bioavailability of nuzhenide or GI3; but some studies suggested that secoiridoids with 
similar structures can be absorbed by the body (Edgecombe et al., 2000;Singh et al., 2008). 
For example, an in vitro study showed that part of oleuropein, the main secoiridoid 
glycoside found in olives, is hydrolyzed in gastric conditions and another portion is 
degraded by the colonic microflora (Corona et al., 2006). The authors reported paracellular 
absorption and/or an active transport mechanism via SGLT1 (Edgecombe et al., 2000). 
Resulting metabolites could then be subjected to classic Phase I/II biotransformation before 
reaching general circulation (Corona et al., 2006). As there is no information on 
bioavailability of nuzhenide or GI3, we can suppose that their mechanism of absorption is 
close to the absorption of oleuropein. However, more research is needed in order to 





  112 
possible insulin stimulation mechanisms of secoiridds from Fraxinus excelsior L. seeds 
in humans. 
In type 2 diabetes, in early phase, the insulin resistance is overcome by a compensatory 
response from the pancreatic beta cells and euglycemia is maintained. In our study, the 
stimulation of insulin secretion at 90 min seems to be a direct action of the plant extract on 
the pancreatic islet cells (Zhang et al., 2006) which returned to normalcy at the end of study 
(120 minutes). This may reduce insulin resistance and improve insulin sensitivity in such 
cases. Further, since there is no significant difference in mean insulinemic AUC between 
treatment and placebo, the use of extract is safe with no resultant hyperinsulinemia in the 
following hours post-treatment. This strongly indicates the possible mechanism of action of 
Fraxinus excelsior L. seed extract in reducing postprandial hyperglycemia.  
Our preliminary study shows a decrease in plasma glucose AUC of 9% of Fraxinus 
excelsior L. seed extract compared to the placebo. The paired Student’s t test indicated that 
differences (299.8±28.9 min mmol/l vs. 273.3±25.3 min mol/l) in the effect of treatment 
(Fraxinus excelsior L. seed extract vs. placebo) on AUC (0-120 min) were statistically 
significant (P=0.02) (Figure V-2B). This observation, in our acute study, has a clinical 
relevance. We have only studied the effect of Fraxinus excelsior L. seed extract on 
postprandial glycemia in healthy individuals, not in those with diabetes. Therefore, based 
on the current observations, further research is needed to evaluate the effectiveness of the 
extract in people with diabetes and safety over the long-term clinical investigations. 
 
Conclusion 
To our knowledge, there are no studies on the effect of Fraxinus excelsior L. seed 
extract on postprandial glycemia either in healthy subjects or diabetic patients. For the first 
time, through our standardized acute clinical studies, we have, thus reported its preliminary 
significant effect on glucose induced postprandial hyperglycemia and insulin secretion in 
16 healthy subjects. Implications of the present results are promising. Our findings suggest 
that Fraxinus excelsior L. seed extract causes an acute insulinotropic effect in humans after 
a glucose challenge, and therefore promotes insulin sensitivity. Moreover, as the total 
postprandial insulinemia is not statistically different as compared to placebo, it may 
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continuing the research work to determine its bioavail bility and possible hypoglycemic 
mechanism of action. More research is needed to, further, evaluate the efficacy and safety 
of Fraxinus excelsior L. seed extract in healthy volunteers as well as in people with 
diabetes over a long-term. 
 
Acknowledgements 
Financial assistance from Naturex is gratefully acknowledged. Special thanks to Dr. 
Prabhat Saxena and Mr. Ramesh Yadav of Kumar Clinic a d Diabetes Care Unit for their 
professional and technical support. Warm thanks to the scientists and staff of Naturex and 
Lotus Nutraceutical Canada for their invaluable inputs and suggestions on an early version 
of the manuscript. The authors gratefully acknowledge MSc. Maxine Bober for her 
valuable assistance.  
 
References 
Ahmed,B., A.J.Al-Rehaily, T.A.Al-Howiriny, K.A.El-Sayed, and M.S.Ahmad. 2003. 
Scropolioside-D2 and Harpagoside-B: Two New Iridoid Glycosides from 
Scrophularia deserti and Their Antidiabetic and Antiinflammatory Activity. 
Biological & Pharmaceutical Bulletin 26:462-467. 
Al-Azzawie,H.F., andM.S.Alhamdani. 2006. Hypoglycemic and antioxidant effect of 
oleuropein in alloxan-diabetic rabbits. Life Sci 78. 
Allen, G., 2007. The Herbalist in the Kitchen. University of Illinois Press, Illinois, p. 303. 
Boisvert,C. 2003. Plantes et remèdes naturels. Genève. 
Corona,G., X.Tzounis, D.M.Assunta, M.Deiana, E.S.Debnam, F.Visioli, and J.P.Spencer. 
2006. The fate of olive oil polyphenols in the gastrointestinal tract: implications of 
gastric and colonic microflora-dependent biotransformation. Free Radic. Res. 
40:647-658. 
Damtoft,S., H.Franzyk, and S.R.Jensen. 1992. Excelsioside, a secoiridoid glucoside from 
Fraxinus excelsior. Phytochemistry 31:4197-4201. 
Eddouks,M., andM.Maghrani. 2004. Phlorizin-like effect of Fraxinus excelsior in normal 





  114 
Eddouks,M., M.Maghrani, N.A.Zeggwagh, M.Haloui, and J.B.Michel. 2005. Fraxinus 
excelsior L. evokes a hypotensive action in normal and spontaneously 
hypertensive rats. Journal of Ethnopharmacology 99:49-54. 
Edgecombe,S.C., G.L.Stretch, and P.J.Hayball. 2000. Oleuropein, an antioxidant 
polyphenol from olive oil, is poorly absorbed from isolated perfused rat intestine. 
J Nutr 130. 
Egan,P., P.Middleton, M.Shoeb, M.Byres, Y.Kumarasamy, M.Middleton, L.Nahar, 
A.Delazar, and S.Sarker. 2004. GI 5, a dimer of oleoside, from Fraxinus excelsior 
(Oleaceae). Biochemical Systematics and Ecology 32. 
El-Ghazaly,M., M.T.Khayyal, S.N.Okpanyi, and M.Arens-Corell. 1992. Study of the anti-
inflammatory activity of Populus tremula, Solidago virgaurea and Fraxinus 
excelsior. Arzneimittelforschung 42. 
Gonzalez,M., A.Zarzuelo, M.J.Gamez, M.P.Utrilla, J.Jimenez, and I.Osuna. 1992. 
Hypoglycemic activity of olive leaf. Planta Med 58. 
Gundermann,K.J., andJ.Muller. 2007. Phytodolor--effects and efficacy of a herbal 
medicine. Wien. Med. Wochenschr. 157:343-347. 
Heacock,P.M., S.R.Hertzler, J.A.Williams, and B.W.Wolf. 2005. Effects of a medical food 
containing an herbal alpha-glucosidase inhibitor on postprandial glycemia and 
insulinemia in healthy adults. J. Am. Diet. Assoc. 105:65-71. 
Hedrick,U.P. 1919. Sturtevant's Notes on Edible Plants. 1 ed. State of New York - 
Department of Agriculture, Albany. 
Jenkins,D.J., C.W.Kendall, L.S.Augustin, M.C.Martini, M.Axelsen, D.Faulkner, E.Vidgen, 
T.Parker, H.Lau, P.W.Connelly, J.Teitel, W.Singer, A.C.Vandenbroucke, 
L.A.Leiter, and R.G.Josse. 2002. Effect of wheat bran on glycemic control and 
risk factors for cardiovascular disease in type 2 diabetes. Diabetes Care 25:1522-
1528. 
Jensen,S.R., andB.J.Nielsen. 1976. A new coumarin fraxidin 8-O-beta-d-glucoside and 10-
hydroxyligstroside from bark of Fraxinus exelsior. Phytochemistry 15:221-223. 
Johnston,K., P.Sharp, M.Clifford, and L.Morgan. 2005. Dietary polyphenols decrease 
glucose uptake by human intestinal Caco-2 cells. FEBS Lett 579. 
Kottra,G., andH.Daniel. 2007. Flavonoid glycosides are not transported by the human 
Na+/glucose transporter when expressed in Xenopus laevis oocytes, but 






  115 
Kunkel,G. 1984. Plants for Human Consumption. 1 ed. Koenigstein. 
Kwon,O., P.Eck, S.Chen, C.P.Corpe, J.H.Lee, M.Kruhlak, and M.Levine. 2007. Inhibition 
of the intestinal glucose transporter GLUT2 by flavonoids. FASEB J. 21:366-377. 
LaLonde,R., C.Wong, and A.Tsai. 1976. Polyglucosidic Metabolites of Oleaceae. The 
Chain Sequence of Oleoside Aglucon, Tyrosol, and Glucose Units in Three 
Metabolites from Fraxinus americana. Journal of the American Chemical Society 
98:3007-3013. 
Maghrani,M., N.Zeggwagh, A.Lemhadri, M.El Amraoui, J.Michel, and M.Eddouks. 2004. 
Study of the hypoglycaemic activity of Fraxinus exclsior and Silybum marianum 
in an animal model of type 1 diabetes mellitus. J Ethnopharmacol. 91. 
Marles,R.J., andN.R.Farnsworth. 1995. Antidiabetic plants and their active constituants. 
Phytomedicine 2. 
Meyer,B., W.Schneider, and E.F.Elstner. 1995. Antioxidative properties of alcoholic 
extracts from Fraxinus excelsior, Populus tremula and Solidago virgaurea. 
Arzneimittelforschung 45. 
Middleton,P., F.Stewart, S.Al-Qahtani, P.Egan, C.O'Rourke, A.Abdulrahman, M.Byres, 
M.Middleton, Y.Kumarasamy, M.Shoeb, L.Nahar, A.Delazar, and S.Sarker. 2005. 
Antioxidant, antibacterial activities and general toxicity of Alnus glutinosa, 
Fraxinus excelsior and Papaver rhoeas. Iranian Journal of Pharmaceutical 
Research 2. 
Okpanyi,S.N., R.Schirpke-von Paczensky, and D.Dickson. 1989. Anti-inflammatory, 
analgesic and antipyretic effect of various plant extracts and their combinations in 
an animal model. Arzneimittelforschung 39. 
Parsa,A. 1959. Medicinal plants and drugs of plant origin in Iran III. In Springer 
Netherland (ed.) . 
Pliûra, Alfas and Heuertz, Myriam. Technical Guideln s for genetic conservation: 
Common ash (Fraxinus excelsior). European Forest Genetic Resources 
Programme 1[1]. 2003. Ref Type: Journal (Full) 
Schempp,H., D.Weiser, and E.F.Elstner. 2000. Biochemical model reactions indicative of 
inflammatory processes. Activities of extracts from Fraxinus excelsior and 
Populus tremula. Arzneimittelforschung 50. 
Sievenpiper,J.L., J.T.Arnason, L.A.Leiter, and V.Vuksan. 2003. Null and opposing effects 
of Asian ginseng (Panax ginseng C.A. Meyer) on acute glycemia: results of two 





  116 
Sievenpiper,J.L., J.T.Arnason, L.A.Leiter, and V.Vuksan. 2004. Decreasing, null and 
increasing effects of eight popular types of ginseng o  acute postprandial glycemic 
indices in healthy humans: the role of ginsenosides. J Am Coll Nutr 23. 
Sievenpiper,J.L., M.K.Sung, M.Di Buono, K.Seung-Lee, K.Y.Nam, J.T.Arnason, 
L.A.Leiter, and V.Vuksan. 2006. Korean red ginseng rootlets decrease acute 
postprandial glycemia: results from sequential prepa ation- and dose-finding 
studies. J Am Coll Nutr 25. 
Sinclair,C.G. 1998. International Dictionary of Food & Cooking. 1st ed. London. 
Singh,I., M.Mok, A.M.Christensen, A.H.Turner, and J.A.Hawley. 2008. The effects of 
polyphenols in olive leaves on platelet function. Nutrition, Metabolism and 
Cardiovascular Diseases 18:127-132. 
Somova,L.I., F.O.Shode, P.Ramnanan, and A.Nadar. 2003. Antihypertensive, 
antiatherosclerotic and antioxidant activity of trite penoids isolated from Olea 
europaea, subspecies africana leaves. J Ethnopharmacol 84. 
Strehl,E., W.Schneider, and E.F.Elstner. 1995. Inhibition of dihydrofolate reductase 
activity by alcoholic extracts from Fraxinus excelsior, Populus tremula and 
Solidago virgaurea. Arzneimittelforschung 45. 
Ungar,G., L.Freedman, and S.L.Shapiro. 1957. Pharmacological studies of a new oral 
hypoglycemic drug. Proc. Soc. Exp. Biol. Med. 95:190-192. 
Vergne,E. 2001. Moroccan Cafe: Casual Moroccan Cooking at Home. Silverback Books. 
Vermeeren,C., andB.Gumbert. 2008. “Ontellicke boomen” or “countless trees”: 
reconstructing the late medieval vegetation surrounding the 16th century St 
Margaretha Convent, Leiden, The Netherlands. Veget Hist Archaeobot 17:93–103. 
Von Kruedener,S., W.Schneider, and E.Elstner. 1995. A combination of Populus tremula, 
Solidago virgaurea and Fraxinus excelsior as an anti-inflammatory and 
antirheumatic drug. A short review. Arzneimittelforschung. 45. 
Von Kruedener,S., W.Schneider, and E.Elstner. 1996. Effects of extracts from Populus 
tremula L., solidago virgaurea L. and Fraxinus excelsior L. on various 
myeloperoxidase systems. Arzneimittelforschung. 46. 
Vuksan,V., J.L.Sievenpiper, Z.Xu, E.Y.Wong, A.L.Jenkins, U.Beljan-Zdravkovic, 
L.A.Leiter, R.G.Josse, and M.P.Stavro. 2001. Konjac-Mannan and American 






  117 
Vuksan,V., J.L.Sievenpiper, V.Y.Y.Koo, T.Francis, U.Beljan-Zdravkovic, Z.Xu, and 
E.Vidgen. 2000. American Ginseng (Panax quinquefolius L) Reduces Postprandial 
Glycemia in Nondiabetic Subjects and Subjects With Type 2 Diabetes Mellitus. 
Archives of Internal Medicine 160:1009-1013. 
Vuksan,V., M.K.Sung, J.L.Sievenpiper, P.M.Stavro, A.L.Jenkins, M.Di Buono, K.S.Lee, 
L.A.Leiter, K.Y.Nam, J.T.Arnason, M.Choi, and A.Naeem. 2008. Korean red 
ginseng (Panax ginseng) improves glucose and insulin regulation in well-
controlled, type 2 diabetes: Results of a randomized, double-blind, placebo-
controlled study of efficacy and safety. Nutrition, Metabolism and Cardiovascular 
Diseases 18:46-56. 
Welsch,C.A., P.A.Lachance, and B.P.Wasserman. 1989. Dietary phenolic compounds: 
inhibition of sodium-dependant D-glucose uptake in rat intestinal brush border 
membrane vesicles. J. Nutr. 119. 
Wolever,T.M., D.J.Jenkins, A.L.Jenkins, and R.G.Josse. 1991. The glycemic index: 
methodology and clinical implications. Am J Clin Nutr 54. 
Yamabe, N., Kang, K.S., Matsuo, Y., Tanaka, T., Yokozawa, T., 2007. Identification of 
antidiabetic effect of iridoid glycosides and low molecular weight polyphenol 
fractions of Corni Fructus, a constituent of Hachimi-jio-gan, in streptozotocin-
induced diabetic rats. Biological & Pharmaceutical Bu letin 30, 1289-1296. 
Yeh,G.Y., D.M.Eisenberg, T.J.Kaptchuk, and R.S.Phillips. 2003. Systematic review of 
herbs and dietary supplements for glycemic control in diabetes. Diabetes Care 
26:1277-1294. 
Zhang,C.Y., L.E.Parton, C.P.Ye, S.Krauss, R.Shen, C.T.Lin, J.A.Porco, Jr., and 
B.B.Lowell. 2006. Genipin inhibits UCP2-mediated proton leak and acutely 
reverses obesity- and high glucose-induced beta cell dysfunction in isolated 












  119 
DISCUSSION 
In this doctoral thesis, extracts derived from the edible parts of rosemary (Rosmarinus 
officinalis L.) and seeds of the ash tree (Fraxinus excelsior L.) were produced and 
analyzed. Moreover, their capacity to ameliorate metabolic disorders, such as obesity, 
hyperlipidemia, and hyperglycemia was evaluated. The plants studied are traditionally used 
in the Mediterranean basin as food and as treatments for several conditions (Aguilar et al., 
2008;Eddouks and Maghrani, 2004). 
Metabolic disorders are associated with increased oxidative stress, which can adversely 
affect the oxidation of LDL, the chief cause of atherosclerosis (Esterbauer et al., 1992). 
Persistent hyperglycemia increases oxidation and inflammation, which can be reverted by 
supplementation with appropriate herbal compounds (Omar et al., 2010). Moreover, several 
botanical extracts that contain natural antioxidants have antilipidemic and 
anticholesterolemic effects (Dinani et al., 2010;Yang et al., 2010). 
Rosemary extracts are used as natural preservatives in foods and beverages. 
Consequently, such extracts that have been standardized for carnosic acid and carnosol 
content have attained the status of additive, receiving an E rating from the European Food 
Safety Authority (Aguilar et al., 2008). The antioxidant effects of the active compounds in 
rosemary have been reported extensively (del Bano et al., 2003;Wijeratne and Cuppett, 
2007), but few studies on commercially available extracts that have been obtained through 
industrial processes exist. 
To this end, in this research program 3 commercial osemary extracts were developed 
—standardized to contain 20% carnosic acid, 20% rosmarinic acid, and 40% ursolic acid 
—and were evaluated for their antioxidant activities by ORAC, FRAP, and ex vivo LDL 
oxidation assay. 
Based on these results, depending on the extraction pr cedure, the antioxidant 
properties of rosemary extracts can vary significantly. In fact, the ursolic acid extract had 
very low antioxidant activity in all assays. In ORAC and FRAP, the rosmarinic acid extract 
had greater antioxidant activity than the carnosic acid extract. These results are consistent 
with previous reports that have demonstrated that bioactive compounds in rosemary have 
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Nevertheless, the rosmarinic acid extract, tested a 5 µg/mL, had prooxidant activity in 
the ex vivo LDL oxidation assay. Apparently, rosmarinic acid accelerates the accumulation 
of hydroperoxides in LDL, induced by the reduced form of copper (Cu+)—a process that is 
unable to be balanced with an insufficient antiperoxidant activity. In a previous study, 
rosmarinic acid was noted to reduce transition metals that form reactive oxygen species and 
mediate LDL oxidation, especially when lipoproteins contained traces of lipid 
hydroperoxides (Esterbauer et al., 1992;Porter, 1993). Conversely, the carnosic acid extract 
was more effective than the rosmarinic acid extract in the LDL oxidation assay, suggesting 
that their antioxidant effects ex vivo differ from those in vitro. 
Based on previous findings, this research program examined the capacity of rosemary 
that has been standardized to contain 20% carnosic acid (RE) to prevent metabolic 
disorders. The effects of RE on weight gain, lipid homeostasis, and glucose levels in mice 
that were fed a high-fat diet for 16 weeks were determined. Animals were given a low-fat 
diet (LFD), a high-fat diet (HFD), or a high-fat diet that was supplemented with 500 mpk 
RE (HFD.RE). Physiological and biochemical parameters were measured throughout the 16 
weeks of treatment; in addition, the inhibitory effects on pancreatic lipase and PPARγ 
agonist activity in vitro were assessed. 
RE reduced gains in weight compared with HFD withou affecting food intake or fat 
energy intake. RE also lowered epididymal fat tissue weight compared with the HFD. 
Further, total fecal lipid content rose in HFD.RE mice versus HFD animals, which is linked 
to the amount of total fecal fat energy that is excr ted. RE inhibited pancreatic lipase and 
activated PPARγ in vitro. 
This in vivo evidence is consistent with findings from other groups (Harach et al., 
2009;Ninomiya et al., 2004), suggesting that imposing l mitations in lipid absorption in the 
intestine is a mechanism by which RE prevents weight gain. 
This hypothesis is supported by the inhibition of pancreatic lipase by RE in vitro. 
Moreover, similar effects have been reported recently wi h an ethanolic extract of rosemary 
that contains rosmarinic, carnosol, and carnosic acds (Harach et al., 2009) and with 
carnosic acid from other plant sources (Ninomiya et l., 2004). Thus, the effect of RE on 
fecal fat excretion and, consequently, on fecal fat energy excretion partially explains the 
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In addition to its effects on physiological parameters, RE significantly reduced the 
cholesterol levels that were induced by the high-fat diet. However, these effects have not 
been observed in other studies on rosemary or carnosic acid (Harach et al., 2009;Ninomiya 
et al., 2004). Dietary cholesterol absorption has been proposed to be associated with fat 
digestion, wherein minimal triacylglycerol hydrolysis is sufficient to increase cholesterol 
transport significantly from lipid emulsions to intestinal cells (Young and Hui, 1999). 
Consequently, the inhibition of pancreatic lipase has been hypothesized to constitute a 
mechanism by which lipid malabsorption is triggered to control triglyceride and cholesterol 
levels (Sheng et al., 2006). 
In the present in vivo study, fasting glycemia declined in animals in the HFD.RE group 
compared with HFD mice. The current results confirm the antihyperglycemic properties of 
rosemary that have been observed by other groups (Bakirel et al., 2008;Erenmemisoglu et 
al., 1997). The glucoregulatory capacity of rosemary is attributed to its ability to activate 
PPARγ, a nuclear receptor that regulates genes that control fa ty acid uptake and storage, 
inflammation, and glucose homeostasis (Staels and Fruchart, 2005). These results 
corroborate previous findings regarding the capacity of carnosic acid and carnosol to 
stimulate PPARγ (Rau et al., 2006). Thus, this mechanism of action, linked to the 
regulation of weight gain by RE, accounts for its glucoregulatory activity. 
Consequently, the current findings confirm the potential of RE for use in preventive 
strategies against metabolic disorders and encourage further studies to be initiated. 
Nutritional interventions are necessary to verify the physiological effects of RE in humans. 
The other compound that was studied in this doctoral program, an aqueous extract of 
ash tree seeds, is a traditional antidiabetic agent that is consumed in Morocco as an infusion 
(Eddouks and Maghrani, 2004;Maghrani et al., 2004;Eddouks et al., 2005). Other groups 
have reported that ash tree seed extracts reduce blood g ucose levels without significantly 
affecting insulin levels in animals (Eddouks et al., 2005;Maghrani et al., 2004). Its 
phlorizin-like effects in inhibiting renal glucose r absorption is a potential mechanism of 
the hypoglycemic activity of the ash tree seed extract (Eddouks and Maghrani, 2004), but 
no clinical evidence exists in this regard. 
Several classes of compounds in ash tree seed extract have been characterized, 
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indole derivatives, and simple phenolic compounds (Kostova and Iossifova, 2007;Egan et 
al., 2004). Their bioactivities, however, have not been reported. 
An adequate controlled industrial process was initially developed to generate an 
aqueous extract of ash tree seeds similar to those that are traditionally used in Morocco 
(Eddouks and Maghrani, 2004;Maghrani et al., 2004;Eddouks et al., 2005). 
Several active compounds were identified by HPLC-MS and NMR and were assayed in 
vitro: (1) salidroside, a phenolic compound; and 9 secoiridoids glycosides: (2) oleoside-11-
methylester, (3) nuzhenide, (4) 1′′′-O-β-D-glucosylformoside, (5) excelside B, (6) Gl3, (7) 
Gl5, (8) excelside A, (9) ligstroside, and (10) oleoside dimethyl ester. Excelsides A and B 
are novel. 
In in vitro assays, compounds 2–9 inhibited adipocyte differentiation in 3T3-L1 cells. 
Further, ash tree seed extract (at 1:10,000) and secoiridoids 3, 6–8, and 10 activated a 
PPARα reporter cell system at 10-4 M, comparable to 10-8 M WY 14,643, a specific PPARα 
agonist that has robust hypolipidemic effects (Chou et al., 2002). PPARα pathways 
regulate lipid homeostasis and inflammation (Kliewer et al., 1997;Kostadinova et al., 
2005;Szeles et al., 2007), rendering PPARα the primary target of fibrate drugs for the 
treatment of hyperlipidemia, hyperglycemia, and obesity (Evans et al., 2004). 
These preliminary biological profiles suggest that the inhibition of adipocyte 
differentiation and PPARα-mediated pathways is the mechanism to which the antidi betic 
activity of ash tree seed extract is attributed andimplicate the ash tree extract as having 
antiobesity properties. 
Thus, the subsequent objectives were to determine whether ash tree seed extract limits 
weight gain and hyperglycemia and to evaluate its safety in a mouse model. To this end, the 
effects of a low-fat diet (LFD), a high-fat diet (HFD), and a high-fat diet + 0.5% ash tree 
seed extract (FED) on mice for 16 weeks were compared. 
Although HFD mice grew steadily throughout the study, oubling in weight, the low-
calorie diet in the LFD group significantly lowered gains in weight after 3 weeks. Mice that 
were supplemented with FE grew similarly to HFD animals; at Week 9, FED animals 
began to experience significant reductions in weight gain, like healthy LFD mice. 
These results complement work by Maghrani and colleagu s (Maghrani et al., 2004), 
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reduced body weight in streptozotocin-induced diabetic rats but not in normal animals. 
Similarly, the HFD group experienced increases in adipose tissue weight compared with 
LFD animals over 16 weeks, while FED mice did not gain as much fat, based on omental 
fat, retroperitoneal fat, and liver weight. Consequntly, the incidence of fatty livers trended 
toward the lower levels that were observed in LFD anim ls. Thus, the decrease in fat levels 
in FED animals correlates with the current observations that secoiridoid glucosides from 
ash tree seed extract activate PPARα and inhibit preadipocyte differentiation. These 
findings demonstrate that ash tree seed extract, due specifically to secoiridoid glucosides, 
has antiobesity effects in vivo. 
Moreover, although significant increases in fasting blood glucose and fasting plasma 
insulin levels were observed after 16 weeks in obese HFD animals compared with baseline 
values, fasting blood glucose in the FED group did not differ significantly from the 
beginning of the study, when the mice were still healthy, despite their high-fat diet. Fasting 
insulin levels in FED mice decreased significantly compared with those of LFD animals. 
These observations demonstrate that ash tree seed extract has antihyperglycemic activity 
that is accompanied by improvements in insulin levels in FED mice and precludes the 
negative outcomes of obesity with regard to fasting glucose and insulin levels in HFD 
animals (Jeffcoat, 2007). As a chief consequence of having consumed ash tree seed extract, 
the mechanisms of fat accumulation in adipocytes of FED animals are impaired and insulin 
resistance is improved. 
Current results also support the findings of animal studies by Eddouks and Maghrani 
(2004) and Maghrani et al. (2004), who observed that acute intravenous administration of 
10 mg/kg/h ash tree seed for 4 hours reduced blood glucose levels in normal rats and in 
streptozotozin-induced diabetic rats after chronic oral consumption of 20 mg extract/kg/day 
for 14 days. 
The results from this in vivo trial indicate that 0.5% ash tree seed extract does not 
induce any side effects in mice, as monitored principally by liver physiology and 
biochemistry.  
Additionally, a clinical intervention trial was perfo med to test the hypothesis that ash 
tree seed extract reduces postprandial glycemia in healthy nondiabetic individuals 
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(wheat bran)-controlled study in 16 healthy volunteers, the underlying mechanisms of this 
activity by measuring serum insulin concentrations wa  determined. 
In this pilot clinical trial, ash tree seed extract reduced incremental postprandial plasma 
glucose concentrations at 45 min and 120 min compared with placebo. It significantly 
lowered the glycemic area under the blood glucose curve. The seed also induced the 
secretion of insulin 90 min after glucose administration. However, the insulinemic area 
under the blood insulin curve did not differ from tha  of placebo. No adverse events were 
reported. 
During the 90-min experiment, the incremental glycemic curve for the ash tree seed 
extract formed 2 phases compared with placebo—before and after the first 60 min of the 
experiment. One explanation for the first phase is that ash tree seed extract partially inhibits 
the absorption of glucose by blocking its uptake in the intestine, likely through interactions 
with the glycoside moieties of secoiridoids, similar to what has been reported for glycoside 
flavonoids (Johnston et al., 2005;Kottra and Daniel, 2007;Kwon et al., 2007). The second 
phase, accompanied by a significant increase in insulin production, suggests that active 
compounds in ash tree seed extract are absorbed and act on pancreatic islet beta-cells 
(Zhang et al., 2006). 
These findings suggest that ash tree seed extract has an acute insulinotropic effect in 
humans after glucose challenge and therefore elicits insulin sensitivity. Moreover, because 
the resulting total postprandial insulinemia does not differ significantly compared with the 
effects of the placebo, ash tree seed extract might prevent the development of insulin 
resistance. No adverse events were observed during the study.  
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CONCLUSIONS 
In this doctoral thesis, analytical and industrial processes were developed to obtain 
botanical extracts from edible parts of rosemary and sh tree seeds that ameliorated the 
pathologies of several metabolic disorders. 
The results demonstrated that depending on the method of extraction from a specific 
botanical, the antioxidant properties of the final extracts can vary significantly, as shown in 
experiments on rosemary, in which the carnosic acid extract had robust antioxidant 
properties in ORAC and FRAP and better hydrophilic and lipophilic antioxidant balance. 
Notably, rosmarinic acid had prooxidant activity at lower doses in the LDL oxidation 
assay. Because oxidized LDL is generated by hydrophilic-lipophilic interface in an 
oxidative reaction, the carnosic extract was more efficacious. 
In vivo, the rosemary extract that was standardized to contain 20% carnosic acid 
controlled weight gain without affecting food intake in mice that consumed a high-fat diet. 
This effect was accompained by its capacity to regulate epididymal fat, cholesterol, and 
glycemia gains. Parallel in vitro studies demonstrated that the ability of the extract to 
inhibit pancreatic lipase and activate PPARγ accounted for the in vivo observations. 
Therefore, this evidence confirms the potential of r semary extract that has been 
standardized to 20% carnosic acid for use in preventiv  strategies against metabolic 
disorders. Further studies are necessary to confirm the physiological effects of this extract 
in humans. 
Regarding the ash tree seed extract, this research program developed a novel industrial 
process to generate this traditional antidiabetic supplement. Also, its chief active 
compounds were identified by HPLC-MS and NMR and assayed in vitro—a phenolic 
compound and several secoiridoid glycosides. The compounds Excelsides A and B are 
novel. Many of the agents inhibited adipocyte differentiation and activated PPARα-
mediated pathways in vitro. These preliminary biological profiles explain the antidiabetic 
activity of ash tree seed extract in animals and suggest that it has antiobesity properties. 
It was also determined whether ash tree seed extract limits weight gain and 
hyperglycemia in mice and evaluated its safety in amouse model. The results confirmed 
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of its antihyperglycemic effects and ability to improve insulin resistance. Moreover, in
vivo, ash tree seed extract does not induce any side effect, as monitored by liver physiology 
and biochemistry. 
The antihyperglycemic acute effects of ash tree seed extracts were confirmed in the 
randomized, controlled, pilot clinical intervention trial. The results suggest that active 
compounds from ash tree seed extract are absorbed in humans, effecting the production of 
insulin, likely through direct action on pancreatic islet cells. 
The results of this research program encourage long-term clinical studies to be 
conducted to further evaluate the efficacy and safety of rosemary that has been standardized 
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